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FOREWORD 



Th^ role of the classroom teache: becomes increasingly demanding and complex as we understand 
more about how people learn and as tested technologies become .available: teaming is a hi^ly 
individual experience, ah active rather than a passive act, with the learner seeking the information, 
the structure, arid experiences, arid the riiearis he or she may need to Uridefstarid arid internalize 
new information. It is increasingly important that students be provided with a Variety_c)f instruc- 
tional resources that incorporate multiple learning styles and modes of interaction. This multi- 
plicity of resources increases the probability of a match between what is available and what the 
learner is seeking. The computer provides a variety of instructional strategies and delivery modes, - 
and cari be a useful arid exciting riiearis for exparidirig learriirig bppbrtUriities. 

The cost of education increases daily. At the same tiriie, the cost of coriiputer techrioldgy 
has continued to drop dramatically. In fact, complete "home computers" offer programs ranging 
from arithmetic tutoring and biorhythm charts to simulated science lab experiments and com- 
puter based games such as Star Trek. These computers are broadly available for modest costs that 
are usually less than the cost of color TV sets. The iniplicatioris for education are intriguing. In 
five years, the same coriiputer capability will undoubtedly be notebook-size— or snlaller like hand 
calculators are today. 

The challenge to the classroom teacher who anticipates the utility of :,uch technology is to 
become familiar with it and to learn to incorporate it effectively in his or her subject matter 
areas. How can teachers detefmirie which of the many instructional units available are appro- 
priate and useful for their students to experience? _ - _ 

This book deals with these concerns. It is intended for upper eleriientary arid secbridary 
teachers in all subject areas: It provides a practical guide to determining the appropriate applica- 
tion bf computer technology and to the selection of specific subject-related computer ba$ed_inr_ 
structibn units. The leader will become acquainted with the rudiments of computer hardware, 
coriiputer prograriiriiing languages, the different rbles the cbmputer can play in instruction, and 
how the computer can be used in several differerit curriculum areas for evcJuatmg and selecting 
application units for instruction. 

Development of this book by the Northwest Regional Educational Laboratory was spon- 
sbred by the National Institute of Education as a part of its continuing commitment to the 
sponsoring of research that results in the improvement of education through the application of 
modern technology. / 

Richard B. Otte 

Education Technology Specialist 
National Institute of Education 
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A COMPUTER SYSTEM: HARDWARE + SOFTWARE 

TO THE USER ^ ' 

The two baisrc components of any computer system are the computer's physical equipment and 
the computer programs: The physical equipment is hardware and the programs are software. 



Hardware 

As illustrated in Figure 1-1 , the main pieces of hardware In a computer system are: 

INPUT/OUTPUT DEVieE 
COMPUTER 

AUXILIARY STORAGE DEVICE 

The input/output device, or terminal (commonly a teletypewriter, as pictured in Figure 1-1) 
is used for communicating with the computer, both to input information and to receive informa- 
tion the computer prints out. The computer itself (called the Centi^l Erocessing Unit, or CPU) is 
often located some distance from the iriput/dutput terminal. All CPUs include witliin their own 
internal circuitry some storage capability, called working storage, arid most use Mditiorial storage 
located externally in separate auxiliary storage devices such as tlie <}isk drive in Figure 1-rl. 
Further on in this section we will look mt)re closely at different kinds'of terminals and auxiliary, 
storage devices and at CPUs of various sizes and capabilities: 
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INPUT/OUTpaTJ5EVJCE 




COMPUTER 4CP4J)- 



ALIXItlARy 

STORAGE D^ViCE 



Figure I -I . Computer hardware. . - • 

J - * 

I 

T>/o Types 

The software cr programs of a cbmputd'r system are sets of instructions that tell the cdm- 
puter what to do. There are two general types: * - . 

COMPUTER'S SOFTWARE SYSTEM (programs directing the computer's basic operations 
and general runctidns) 

USER'S PROGRAMS (prograrhs instructing the computer in specific applications) - 
Examples of the two types of software are l^ted in Figure 1-2. 



C3/CTCJUI- 

/ gitf I ftlVI, > 

ARITHMETIC. 0_PFflATIOryiS 
LOGICAL OPERATIONS 
PROGRAM SEQUENCING 
ERROR 'CHECKING 
TRANSLATIN^G _ . _ 
CpNTHOL PROCEDURES 



PROBLEiVI-SOLVING 

StAtjStlCAL ANALYSIS 

TUTORIAL 

DATA PROCESSING 

SIMULATION 

CALCULATION 

DRILL ' 

GAMES ' 



Figure 1-2: Two types of software: 



A V THE ESSENTIALS OF HARDWARE AND SOFTWARE 

' * "t 

The computer's software system is usually developed and written by the mahufactiirer. It is 
so basic to the computer's operation that it is included when you buy a computer, and :a| soon as 
the system^is installed it is put into computer storage^ where it remains permanently, to be called 
oil and used cdntiriually by the cdmp 

The system may include translator programs which are designed to aid the user in expressing 
problem ppcc^ures in programs. They are riot always necessary for the operation of tHe hard- 
ware, however, "and are sometimes provided as options at ^xtra cost. 

, ; The user's software, or programs, may be obtained from various sources: a user, users* 
groups, the manufacturer, or a software design fifm. They may be put into storage at any time 
and kept there for as long as desired. When you Cegin working with a stored program, you simply 

it up froni storage. Programs are placed in storage under shbrt'-code names and kept there 
ready for use: 

"^l^o get^a quick picture of a complete computer system, imagine Figure 1-1 expanded so that 
the auxiliary storage device shows some of the software stored in it. (Remember that software 
may be. stored either in working storage within the CPU or in one or more separate auxiliary stor- 
age devices, as shown in Figure 1-3.) ^ ° 




Figure 1-3. A Computer System: Input/output, CPU, and storage loaded with software. 

Inactions [specific reference] we discyss software in more detail, incfudirig the topics of 
getting and using pro^anis and soriie^eleriients of programs and programming languages. At this 
point, let's turn our attention to the question bf how we use the hardware to corrimunicate with * ^ 
tjie computer. 
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MODES QF eOiVilVfUNieATING WfTH A COMPUTER 

. . .... . . ^. 

There are two ways in which the user can communicate with a computer-interactive and batch 
mode. These involve distinct processes and programs, and we will consider them one at a time. 

Interactive Mode 

. If you have worked through one of the Sample Units in this course, you have already experi- 
enced interactive mode. The user has a dialogue with the computer which is like a telephone 
conversatipn-ybu cbmmuriicate somethings the computer responds, arid the dialogue goes ori 
back and forth-hence the term interactive. Figure 1-4 illustrates a typical interactive exchange. 

From your experience with this mode, you can see me advantages of direct interaction with 
the computer. It probably allows the program I'o guide y>su in what dafa to enter and when; it 
allows for immediate correction if you enter inappfppriate data; and it provides immediate results 
for you to consider and use in further exploration if you want to go ori. 

' Interactive mode is very convenient and efficient for the user: It may, however, be expensive, 
since it always entails considerable time for the computer to print out instructions (questions arid 
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Figure 1-5. Example of an interactive' conversation. 



answers) arid additional time while the user thinks of and inputs his responses. With cost of inter- 
active use ranging from \ 4 to lOi^ or .more per riiiriute, cost can be an important consideration 
when evaluating an interactive unit: 

The efficiency and expense of interactive mode find a ready parallel in [ong distance tele- 
phoning. There are less expensive ways to exchange information (e.g. by mail), but often the 
need for imriiediate infdrrilatioh; ol the need ^r back-arid-fdrth exchange, makes it "file most 
effective means of communicating. This is especially true wl^eri brie response will deperid ori the 
other's previous response, as illustrated in the interactive convereatibn in Figure 1-5. 

If ban and Granville had relied on mail alone, it would have cost them less than long- 
distance phoning. However, it would have taken a week or riiore to exchange the information, 
arid the day_df Dan's visit td Arizdna would have come and gdne before Grariville's first response 
could. reach Dan's mailbox iri Florida. 

Whenever there is a heed for immediate results^ then, or for information to be exchanged 
with each response depending on a previous response, interactive communication may well be 
worth the cost. When time and interaction are not such pressing concerns, however, the more eco- 
nomical batch processing mode may be preferable. 



Batch Processing Mode 

Batch processing as a mode of cofnmunicating with the computer is more like letter-writing: 
it involves gathering together all your ijiformatidn aud entering it or sending it off in one batch to 
be processed and responded to. AU the results of the cdriii)uter's processing are then returned to 
the user in one batch. An example of the sequence is shown in Figure 1-6. 

In contrast to the immediate response characteristic oLinteractive mode, several hours or a 
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INPUT (IN ONE BATCH) COMPUTER PROCESSING OUTPUT LATER (IN ONE BATCH) 



Figure !-6. Sample batch processing sequence. 



day may pass before a batched set of data gets to the computer for processing arid the batched 
results are returned to the user. 

^ Because all decisions about what is to be entered for processing have been made in advance, 
the actual computer time it takes to process the batch of (iata is often a sniall fraction of the time 
it taJces to complete an interactive exchange with the computer. For this reason, batch is often 
more ecdridmical. - * 



Comparing the Two Modes 

Advwntages and bis^^ ^ 
The advaritages arid disadvantages of the two modes are suriiriiarlzed in Figure V-l . 

Program Characierfsi/(S 

The characteristic difference between programs for the interactive and batch processing 
modes can be summarized as follows: 

Interactive Throughout run: continuous interaction between user and program. 
Batch . Be^nning of run: user enters all data in a batch; 

End of run: user receives all results in a batch. 
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iNTERAeTIVE AND-BAteH PRQeESSING 




ADVANTAGES AND 


ni^AnX/AMTAfiP^ 
U lOMU V MlM 1 r\v3[.0 




INliR ACTIVE 


BATCH. 


- Advantages 


Advantages 


• 
• 


User actively invoived. 

immediate detection of errors 
In entries. 


• Large volumes of data handled 

efficiently. 

• Data can be saved and re-used. 


• 


instantaneous feedback. 

LarivantaQfiS 


• Relatively Inexpensive. 

* Many users can process data 

in a single batch. 


• 


Relatively expensive. 


Disadvantages 


• 


Inefficient with large volumes 
of data. ' 


• User involvement Is minimal. 


• 


More user time invoived. 


• Delayed information on errors. 


• 


Programs usually longer than 
batch programs. 


• May be time lag between entry 
and results. ' 




Data must be reentered every 
time the program Is run. 





Figure 1-7. Summary of advantages and disadvantages of the interactive mode and the batch process- 
ing mode« 

Most cdmputer-enhanced instructional materials are designed to be interactive: The active 
involveriient of the user' with the computer and the immediacy of feedback are strong motiva- 
tional factors for students; in addition, the characteristic of leading a user from question to ques- 
tion (and answer to answer) makes interactive mode effective for many different iristnictidnal 
purposes, including problem-solving exercises, drill, and tutorial lessons. An important exception 
is in the area of business educatiort and data processing instruction. Since most business and data 
processing uses of the computer are in the batch mode, instruction in this area is naturally batch- 
onented. In any educational area, there are certain applicatSdris for which one mode or the other 
is more effective. In general, an interactive program is best suited to .learning situations in which 
step-by-step progression and immediate feedback-are desirable ^Where>er very large amounts of 
data need to be i^rdcessed and immediate results are not required (for example, in business educa- 
tion and statistics courses), batch processing |s usually more efficient. 

Programs written for the batch processing mode can usually be rewritten as interactive pro- 
grams, and in many cases the reverse is also true. Therefore, when an iristructdr requires dne 
mode of processing but wishes to use matenils desired for the other, the program can usually be 
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altered to suit the need. The teacher must judge whether instructional advantage is altered or lost 
in the exchange: \ 

THE HARDWARE OF COMMUNICATION 

V 

_ V _■_ _ _ _ . . ■ ■ 

Typically both interactive and batch modes require the use of an input/output device for com- 
municating with the computer. 



Input/Output Devices for Batch Mode 

In th^ ba^_^h^°^J^' either interpretive or noninteractive input/output devices (terminals) are 
used to enter and receive data. The noninteractive tenninals are usually referred to as "remote 
batch" terminals. Most pf them include two pieces of hardware: a punched card reader for in- 
putting data and a line printer for receiving the computer's output. 

Most carcf readers accept either punched cards (IBM cards) or mark -sense cards* and will 
read and transfer electronically to the computer the data from the cards. A typical card reader 
(a Data 100 model) is pictured in Figure 1-8. 



Similar to card readers are various kinds of page readers, designed to read input from much 
larger formats. 

tine printers, sjich as the Centronics model pictured in Figure 1-9, receive and print put 
computer results very rapidly because they are designed to type an entire line at a time rather 
than one character at a time as tyjDewriters do. 

The most common interactive device, the teletypewriter, is usually equipped with a paper 
tape punch reader device, and the combination of typewriter capability and tape-reading capabil- 
ity make it. usable for batch mode. Batched input can be punched onto paper tape and trans- 
mitted to the computer through the paper tape reader in one batch at the "rather quick reading 
speed of the reader device, as is illustrated in Figure 1-15 on page Id. Where the paper tape 
punch/reader is riot available, however, the teletypewriter itself can be used to input batched data 





Figure 1-8. Typical card reader. 



*Maik>sense cards are those which are itiarked by hand asing a pencil. 
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Figure 1-9. Typical line printer. 

I __' 

by the slower process of typing the data on the teletypewriter keyboard when the terminal is 

connected to the computer. Using this terminal, output can be received in a batch from the com- 
puter and typed out by the terminal's typewriter device. 

input/Output De\/lcGS for Interactive Mode 

Several types of terminals are available for use in interactive mode. The most common are 
the various kinds of electric typewriter terminals (including the popular Teletype) and the video 
display terminal. 

You are probably already familiar with the special electric .teletypewriter called a Teletype; 
it is ve^^ much like the terminals used in telegraph offices and newsrooms. Its main features for 




Figure 1-10. A Teletype. - 
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interactive comrtluriicatidn are (1) its typewriter keyboard arid (2) its capability of printing but 
the messages you type as they are trarisrriitted to the computer while typing out the computer's ^ 
messages to you. Other kinds of typewriter terminals can also print input and output and transmit ^ 
informution to and from the computer: Some have additionai features, such as upper and lower 
case letters and extra fast printing capabiiity. Figure i-l i shows one of these. 



* n 




Figure 1-1 1. A typical thermal printer terminal. 



This terminal uses heat to print oh special heat-sensitive paper and can print very rapidly and 
quietly. The Computer Devices model in Figure 1-11 also has the feature of being small and 
lightweight, j>o that it can conveniently be'transported. 

The video display terminal, freque-.itly called a CRT (cathode ray tube), has a keyboard and 

a TV-type display screen rather than typing paper. The letters arid words you typie are disp>layed 
on thr; screen as they are transmitted to. the computer, and return messages from the computer 
(words, graphs, and so forth) are displayed on the screen. Video display screens may also be 




Figure l-i2. A video display screen. 



equipped to accept input from special devices called light pens, which look like regular pens biit 
have a small light bulb at the tip. The user may input inforrhatioh by pointing the light pen at 
appropriate data on the display screen, such as a selected answer from a list of choices or a sec- 
tion of a graph that is to be changed. One advantage of the CRT in the classroom situation is its 
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i|uiet dperatibn. Another advantage is that the computer's output to you can usually be displayed 
much more quickly on the CRT screen than it could be typed out by the electric teletypewriter: 
This is particularly true when the output is in the form of a graph. One disadvantage, on the 
other hand, is that once the output is erased from the display screen^ it cannot be retrieved on 
most CRTs. . 



Connecting Terminals to Computers 

Batch terminals, like card readers and line printers, are most commbrily connected by per- 
manent wiring directly to the central computer and need only be turned on to be connected to 
tl^e ePU for Input or output operations; interactive tenninals, on the other hand, are usually con- 
nected to the computer by telephone lines. The computer is dialed on the telephone, and when 
the "answering" tone comes, the receiver is placed in the special coupler device hooked up to the 
terminal. Once the phone connection is made, the user must identify himself by typing in the ' 
correct code. The communication is then established, and the input and output travel between 
the terminal and the computer through the telephone lines. 




Figure 1-13. A teletypewriter connected to a telephone coupler. 



A single computer can often have many terminals connected to it by telephone. When two 
or more terminals are connected to the computer simultaneously, it is called time-sfiaring^. When 
you are sharing the time of a computer with other terminals, you usually can't tell; The usere' pro- 
grams are processed one at a time at veiy high speed, and the computer can normally handle 
inputs and outputs in such rapid succession that rip delay is ex|5eriericed for ariy userj and the 
user is riot aware that he is sharing the time. Sometimes there may be a few seconds delay in the 
computer's response to your terminal, which may indicate that it was busy for those few seconds 
attending to another terminal.. ^ 

THE QUESTION OF COMPUTER SIZE . * 

Detailed aspects of computer size and type are frequent points of discussion, .primarily among 
experienced users: In selecting and specifying instructional applications, however, a user need 
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consider only a few of these when considering the relative advantages of minicomputers, micro- 
computers, and large computers. 

Types of Computers Today 

M/n /'computers 

When first developed, minicomputers were not only smaller physically than the coriveri- 
tibrially used computers, but had much smaller computing capabilities. At the present point 
of development, however, it is sometimes difficult to determine the difference between mini- 
computers and conventional models because "minis" are performing some tasks as well as the 
larger machines have done in the past. It is common today to identify minis by the amount of 
information which can be contained in each basic storage element (usually the equivalent of two 
alphabetic characters) and to some extent by the expandability of working storage. 

Microcornpaiers 

A more recent development, the microcomputer (or microprocessor), is the result of ri^w 
advances in miniaturizing electronic circuitry. Ah entire CPU may how be put on a chip that sells 
for $26 and is the size of your fingernail. Since microcomputers can be sold very cheaply, kits of 
components can be purchased for a few hundred dollars; a school can buy one for students to 
assemble themselves. Microcomputers now lack the sophisticated and proven software which lias 
been developed and refined over the years for miriicdmputefs, but that is changing rapidly. A 
microcomputer with sufficient storage, expansion capability, and software could perform as well 
as some minis. 

Larger eowpaters 

Before mini- and microcomputers entered the market, cdmputer size was not a point of 
much discussion among Users. Although computers varied in physical size arid also in storage 
capacity, their accessibility and the functions they couid perform were fairly standard to all users. 
- For the most part, computers were (1) atffordable only by organizations with a great deal of com- 
puter work to do and (2) locked up in rooms entered only by computer professionals. Users had 
no direct contact with the large machine. Now, of course, minis and. micros are often affordable 
by small brgania^ons, schools, and even individuals. In addition, users may. gain access to th^. 
mini- or microcomputer throu^ a terminal or even directly. 

Meanwhile, the larger machines are still there and are still doing most of the work thit is 
done by compute"re^n the woHdi A large computer system can do a great deal more* computer 
processing than a micro- or minicomputer and can typically serve hundreds of more input/output 
terminals simultanedusly than the smaller cdr^ 

Because of their greater cost it is hot likely that small orgahizatiohs, schools, or individuals 
will acquire a larger computer. A sizable school district, though, m^ay need enough computer pro- 
cessing to warrant buying a large central cornputer. 

T/we-sharing Systems 

A time-sharing system is a cdmbinsti<3n of computer hardware and the pjopet control soft- 
ware to allow more than one terminal to be served at the same time* by the CPU. Because of the 
extremely high speed of operation, the computer's response to a time-sharing user usually makes 
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hiiti appear to be the only user: A time-sharing system may use a larger, miicro- or minicomputer, 
and it often is cdrripdsed of more than one computer (CPtJ). Hence, time-shai^^ 
size according to the type arid riUniber of CPUs involved. A typical system based on a single ^ 
minicomputer is commonly designed to handle up to 32 termirials simultaneously. Systems based 
on larger CPUs or those using several CPUs, have been known to handle over 300 terminals^ 
simultaneously. ^ v 

Three Impbrfant Factors of Size 

The point to remember in selecting and specifying instructional applications is not to make 
any assumption^ about whether the computer can handle a ^ven application simply by virtue of 
such ajabel as 'mini." The main question is, is the computer big enough to run the projrams you 
wish? Some of the relevarit factors are: (1) interaction capability;. (2) number of terminals; and 
(3) size of working and auxiliary storage. 

Essentially, software is what determines whether a system can support an interactive pro-^ 
gram. A minicomputer with only one tenninal can still hav(^ interactive capability. The number of 
terriiirials needed to make a particular application effective is sometimes a question. For example, 
if you wish to provide every student with arithmetic drill daily at a. terminal, you will need many 
teirninals, and therefore a time-sharing systerii will be_required to support them. 

The size of both working storage (inside the CPU) and auxiliary storage cari be iriipdrtant. 
Every program requires some working storage each time it is^run; ffie amount needed depends oh o. 
the length of the prdgfam. The existence of enough auxiliaiy storage to contain a large program 
does not guarantee that workirig storage will be large enough to contain the program when you 
wish to run it, but there are ways of dividing programs to get around this. Auxiliary storage is a - 
must for applications which are file-oriented, that is which need to stpre and/br replace large 
amounts of data from^one usage of a program to the next. It is also required if it is important to 
retain one or more programs in storage rather than reload them each time. Consequently, the 
amount of auxiliary storage space available determines how many programs and files can be kept. 
Among tile most common auxiliary storage devices are the riiagrietic tape drive, which reads 
data from magnetic tape; and tfid disk drive, which reads data from disks resembling conventional 
phonograph records. In both cases, the data arc recorded onto the medium in the form of inag- 
rietic spots arid are read-by "read-heads" on the drive: ^ : 

As you can see, then, computer size is sometimes irrelevant and sometimes cnicial. The 
question of whether the computer to which you have access is big ertdugh for your needs can best 
be answered individually for each program by someone fariiiliar with ycair computer facilities. 
This person may be on the staff at the county school office or local district office, or wherever 
the computer you use is located; in your own school, it may be another teacher,^ often a math 
teacher. Wheri you find computer-based instructional materials that are appropriate to yoxir 
needs, the expert wjll be able to tell you fairly quickly whether your computer is able to run tiie 
program. . 

GETTING AND USING USER'S PROCSRAMS 

As you have seen, ttiere are two types of software: the user's prograriis, which dir he compu- 
ter in special applications, and the computer's own software system (usually su; *d by the 
riiariufacturer), which controls its basic operation. The sample programs included are user 
programs. • . 
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User's programs are of many different sorts because there are so many fields in which com- 
puters are used for such a wide variety of purposes. People in business use computers to process 
paychecks and billing statements; teachers use theni to enrich their curricula; scientists make 
major use of thern for calculating and predicting; libraries use them as cataloguing and retrieval 
tools; and so forth. Special programs are needed for each application. 

Sources of User's Programs - 

A user may write his own programs (if he knows how); he may have an expert programmer 
write them or he may find suitable programs that already exist, eomputer^manufacturei^ carry 
extensive selections of user-driented programs, and many major universities have computer 
projects with collections of user materials. 

As a teacher, you may obtain programs in any of these three ways. As a start, you will • 
probably want to make use of the growing number of programs already available from other 
sources: Available materials range in completeness from the listing of a sin^e program to a total 
curriculum package, including such support material as a Teacher's Guide, Student Workbook, 
listing oOhe program, arid sample 

In Part III, Selecting Cbmputer-Based Instructional Units, you will learn how to evaluate 
and select the most useful programs and materials for your particular classes. 

As a basis, you will need to know some fundamental things about user programs and how 
you can get them into your computer. 

toading Programs into the Computer * 

When looking at 'computer-based application units, you will often see little more than a 
program listing-a copy of the siep-by-step instructions comprising the pro-am itself. A short 
listing is shown in Figure 1-14. ITlis is, of course, the basis of any curricular application using the 
computer. With the prograrii listing in hand, you can load the program into your computer and 
run (use) it, either to evaluate it or to actually use it. 



ID REM THIS PROGRAM HEADS 25TUbEf«TS* 
80 REM NAMES AND CPA'S AMD FBI NTS 
30 REM AW HONOR List (SPA ABOVE 3*5) 
40 DIM St(5bi 
50 HEAD SS#G 

60 IF Si»**^D" THEM 9999 ^ . 

70 IF 6<3*5 THEN 90 ' 
80 PRiMt SS*6 
9Q SO to 50 
9999 EflD 



Figure 1-14. Example of a short program listing. 

How is a program loaded into the computer? Three common ways are: typing at a terminal 
which is connected to the computer; loading a punched paper tape; or loading punched or 
marked cards. • 
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read Into 
'^the computer 



Figure !-1 5. Loading a program from a paper tape into the compuJten 



Loading a program by directly typing it in at the terminal can be costly, since ydU tie up 
both a telephone line and the cdmputer for the entire time you are typing. A less expensive way 
is to read in a punched paper tape, using the tape reader on your Teletype, as illustrated in Figure 
1-15 or to read. in a deck of punched (or marked) cards, using a card reader. To do this, you must 
first acquire the punched tape or cards, or arrange to have the tape or cards punched from the 
program listing. Sometimes the organization that supplied the program listing also supplies the 
necessary tape or cards, which saves you a step. _ ^ . . _ . * 

"Once loaded into the computer, the program can be stored* and called out whenever it is 
needed. If-storage space is limited, you need not store the program; you can save the paper tape 
or c^rds and reload the program each time you use it: 

TRANSLATORS AND PROGRAMMING LANGUAGES 

Let's Iqok again St the sample program listing shown in Figure 1-14, reproduced in Figure 1-16. 
This example is a simple program written in a programming language called -BASIC. Even if you 
don't know 'BASIC, you can easily interpret and understand wpfds like READ and PRINT in 
the program. But computers cannot read and interpret these words; they can only work with 
machine language. Programs written in such English-like languages as BASIC, then, must be trans- 
lated into the machine language that the particular computer is wired to understand. For example, 
the easily understood instruction "PRINT S$, G" would hav^ to be translated intd machine lan- 
guage before the computer could accept it. The translation might look something like this: 

17 1028 001 . 

05 6666 • 

12 6666 



♦See pages 29-30, "Where Is the Program?"^ 
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rb REM THIS PROGRAM READS STUDENTS' 

80 REM NAMES AND|i GPA'S AND PRINTS 

3d REM AN HONOR LIST iGPA ABOVE 3#5) 

^0 DIM Sic 50^ 

50 MEAD SS#G 1 

60 IF Si»^*END*' THEN 9999 

70 IF ,a<3#5 THEN 90 o 

80 PRiNt SS*S " 

90 GO TO 50 

9999 END 



Figure 1-16: Example of program listing: 

^ • y 

The Transiatdr Programs 

A major part of the computer's own_software system is its collection of translators, the 
prdgranis that translate English-Hke p^^^ languages (which most Users Use) into machine 

language (which computers use). Humans can, and do, learn to write programs in machine lan- 
guage, but it is a very tedious proceis^ arid it is far easier to write programs in Engish-like 
languages and let the computer's translator do J^he translating. As there are many different 
programming languages, a computer may have numerous translators in its so/twar^ system-one 
for each user language the system can accommodate. 




Figure 1-17. Translators: Part of the computer's own software. 



Users mus^ know whether their computer has a translator for the particular language theiy 
want to use; if not, they cannot load, and run a program. For example, if you run acrds^ a pro- 
gram writteil in FORTRAN which you would like to use in your classes, you would first have to 
find out if your computer has a FORTRAN translator. Even if it has not, you still may be able to 
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use the program: it could be translated by an expert into a language for which your computer 
does have a translator. Many FORTRAN programs, for^example, can be tewritten in BASIC 
without much trouble; and conversely, most BA3iC programs can be rewritten In FORTRAN. 



\ General-Purpose Prograipmihg Language^ * _ _ ^ 

Each of the major fields of computer use-business, science, educatidh^has its ow;i particu-. 
iar vocabulary and computational needs. For treating computer programs to satisfy these needs, 
there exist today numerous general^purpose programming languages^ each with spe 
teristics that make it particularly Useful in particular fields.jAlongside these languages, some 
hi^ly specialized languages have been developed for very specific areas of application. The fol- 
lowing pages describe some of the major general-purpose languages in use today and a few of the 
special purpose languages, Called author languages, developed for ejlucational uses. _ _ 
_ The cbmnldn general-purpose languages used in education are BASIC, COBOL, and FOR- 
TRAN, though several others are alsd encountered. The Mlov^ing paragraphs^ve a brief desc^^^^^^ 
tion of the general characteristics of each. It is important to note that while some of theje 
languages have been relatively standardized. (that is, there is some agreement on vocabulary and 
, characteristics), there are differe'hces in deta^ils'from computer to computer, sd that a prdgram 
written in standard BASIC (say) for one computer may require some changes to translate it for 
use on another computer. The differences are most often found in such special features as mathe- 
matics functions and file-handling commands. Another factor to keep in mind is that each general- 
purpose laniuage may have several versions, each incorporating special features, requiring different 
amounts of computer storage: 

BASIC _ ^ • ^ 

The programs you will encounter in computer-based curriculum units are most likely, to be 
written in a language called BASIC (Beginners Mil-purpose Symbolic /nst^^^ 
op'ed at Dartmouth, BASIC has come td be the midst universally used language for tomfttiter- 
based instruction. It is easier to teach, learn, and use than dthe^ languages, yet retains much of 
the pdwer of the more mathematically oriented language, F'ORTRAN, arid provides for easy 
haridling of input and output. BASIC was designed for an interactive system and is ofteri called a^ 
conversational language, because the programmer can provide for user interaction^ while the pro-' 
gram is running, in the form of ariswering questions or providing data, this characteristic gives 
the instructional designer the chance to impleirient.an instructional dialogue. In general, BASIC 
allows for easy formating of output, an important characteristic when teaching beginners to 
pxogiarii. . 

COBOL ■ . . 

COBOL (COrnmon Business Oriented Language), has been developed to meet the needs of 
businesses. In the usual applications, computers are called upon to maintain and, process files of 
information, produce reports, compute payroll, keep track of accdUrits receivable and payable, 
monitor inventory, and so on. Computation is. usually trivial-the siriiplest arithriietic i§ generally 
all that is_ needed. COBOL is well ted to this environSent. It is^ |[esi©tied to facilitate thg for- 
mating of reports, lists, arid data summaries and the sorting and merging of large files of alpha- 
betical names, etc. as well as riumerical data. It is a batch-oriented language, and aCOBOL pro-' 
gram expects data from punched cards, magnetic tape, or disk filesf 
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FOETflAN 

The world's most widely used programming language, FORTRAN, was designed primarily 
as a scientific iangtrage; It is especially suited to mathematical and scientific endeavors, als the 
name FORTRAN (FORmula TRANslatioh) suggests, it has such special characteristics as trigo- 
nometric functidns to fnake programming arid prbcessirig involved calculation sequences faster 
arid more efficient. It requjres from the prograninier more detailed definition of desired output 
forriiat than BASIG, arid therefore it is more difficult to learn. Although frequently used on-line 
frorii a terminal, it is not interactive (a program cannot pause for user response*: to questions) and 
is therefore not suited to dialogue. 

ALGOL 

Anothe^r scientific language, more frequently used in Europe than in this country, is ALGOL 
(i4£66)rithmic language). Its function is similar to that of 'FORTRAN and its purpose is better 
suited to scientific calculatipns than to business resports. 

PL/7. 

^A fairly recent developSierit is Se lan^age PL/ 1 , first introduced by IBM_as_ari attempt to 

combine the scientific features of FORTRAN and ALGOL with the fluency of COBOL. An addi- 
tional feature is its versatility-it can be used with equal ease for interactive or batch processing. 
PL/1 gains greater acceptance in the computer profession year by year, although it is still fea- 
tured primarily on IBM computers. 

. ' APL 

A Programming language, APL, v^as designed to be flexible and to allow concise expressiori 
of procedures in either a highly abstract, symbolic manner, for those who think in that manner, or 
more verbose expression (as iri BASlG) for those who prefer to work with words. Thus it is a very 
nice tool for mathematics' and science. But it requires a special temiirial_keyboard proyidirig the 
necessary symbols. A single APL line can represent many lines of BASIC or FORTRAN. It is an 
interactive language, not suited to batch operation. Although designed at IBM, it is beirig used on 
other computers. . 



LOGO 

The LOGO language is designed especially to facilitate the teaching of mathematical con- 
cepts. It allows for'expressihg'compuLation and procedures in words, or striri^ of alphabetic 
characters, thus appearing particularly English-like. It is not as likely to be chosen by a teacher to 
program an application for student use, because tfie purpose of LOGO is to teach students to 
write programs^ themselves. It lends itself as a medium for dialogue, and is interactive; it is not 
useful for batch processing. As yet, LOGd cannot be used on as many makes of computer as the 
other general-purpose languages discussed above. * 

For a more detailed look at several of these general-purpose languages see Appendix I, Keys 
to Recognizing General-Purpose Languages. 

Aathor Langaag^ , . 

Author languages are ati especially useful group for teachers. In contrast to general-purpose 
languages, which are designed for straightforward input-process-output operations, author lan- 
guages are designed to guide the author in enteriSg lessons of ajl kinds and to handle the large 
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volume of verbal presentations arid rcspbrises typical of initruyidnal intefactidns. Before author 
. languages were developed, a teacher using fiASlG or FORTRAN riiight have had to use five or six 
. lines of compiex strings of coded qualifiers and formating directives to enter a si^mple question iri 
a lesson. Author languages typically provide the author with brief codes for presenting i^nstruc- 
tional events and allow hirn to eriter the desired verbal material directly without complicated and 
tirne-corisuming coding efforts. Sonje of these languages prprript arid guide the author in entering 
his sequence of instructional activities; iricludirigviristructronal statements, questions to be pire- 
sented, expected answers, appropriate responses, branches and so forth, according to the set 
format of the language,. \ _ . 

An author cannot use an author language without prior study of the lariguage and its require- 
ments; Like other languages, author lariguages have syntax and a vocabulary (often symbolic) 
witich require time and experience to master; A trained programmer riiay be needed to iriterpret 
the author/teacher's written lesson in the author language to be used. 

Here are brief descriptions of some of the more commonly used author languages available 
today. * * 

i Coursewriter - __ , 

One of the earliest examples of an author language, Coursewriter, originated on IBM equip- ^ 
riient but has been transferred to some other brands, briginally , this language was used to com- 
puterize programmed instruction materials; now, however, it is capable of incorporating film, 
video, and audio instruction as well as printed material^ One of the built-in features of this 
author language is that lessons structured in Coursewriter automatically record student per- 
formarice data for teacher reference. . 

PLANIT • - ' 

Since PLANIT incorporates a mathematical problem-solving language called CALC, this 
author lariguage is most appropriate for authoring tutorial lessons involving problern-solving^ 
tike Coursewriter, it is designed to keep records automatically of student performance for 
teacher reference. A notable characteristic of PLANIT is that it has been desired to be trans- 
ferable to most computers, regardless of manufacturer,, with the creation of a smalL special 
software package to Interface between the PLANIT jariguage and the computer. PLANIT can be; 
used, however;' only with larger computers today, because of special storage requirements ;_a few 
.minicomputers cart handle the PLANIT language but as yet no microcomputers have the neces- 
sary capacity. - - 



PILOT 

The PILOT language is an interactive author language which is easier to Ipam arid u^e than 
either Coursewriter olPLANIT. As such, it has been used by elementary students to write story- 
gerierating programs. PILOT is also a versatile author lariguage insofar as it has been put in opera- 
tion on a wide range of computers, particularly minicomputers. : ^ 

IDF 

interactive Dialogue Facility (IDf|p^as designed by the Hewiett-Packard Company specifi- 
cally for use on its miriicomputer-bas^d tinn^esharing sys^^^ the case with the other two 
computer-specific author languages described below, DECAL and PLATO, IDF iS made especially 
easy to use because eritering'an instructional dialogue into the system is more a matter of respon- 
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dmg to prompts from the computer than writing a program, the authoring facility stores the text 
provided and supplies an automatic framework for presenting the lesson to a student and for 
recording student progress. 

CZCAL 

The I5igital Equipment Corporation author language DECAL dperalo*; on minicomputer- 
based time-sharing systems produced by that corporation. It is similar to IDi- in that it provides 
the author with prompts from the computer when lessons are being entered. 

PLATO 

Developed at the University of Illinois under a large-scale grant from the National Science 
Foundation (NSF), PLATO is composed oLa complete timesharing system including a large com- 
puter, authoring software, and terminals. The. PLATO terminal uses a special technology for the 
screen, enabling computer output to be displayed and photographic slides to be projected on it 
simujtaneously frorn the rear. The terminal is used to prepare lessons as well as to present them 
to the student. Another feature is the capability of recording, a Vocabulary in voice for con- 
structing audio responses and djrectibns'iri lessons, Control-Data Corporation now manufactures 
and markets the complete PLATO system. 

TieeiT - _ 

Like PLATO, the TICCIT system was developed under an NSF grant. It is composed of a 
time-sharing system based on minicomputers. The terminal is quite different from that of PLATO, 
making use of a color television set as the output medium. It has a special keyboard with the 
command structure built in. Rather than write computer programs, an author uses the special 
keys to indicate specific actions. Students use the same keyb6ard to interact with a lesson and to 
control their own paths throu^ the material. For example, it is the student's decision how many 
repetitions of a practice session are sufficient. TICCIT was developed jointly by MITRE Corpora- 
tion and Brigham Young University and is now marketed by the Hazeltine Company. 



Special Softvvare for Special Devices 

Many different electronic devices can be connected to computeS and operated by electronic 
signals, and it is desirable to allow a user to control them" through a prpgrarri. Some devices paf- 
ticulariy usefuJ in instructional setting are plotters and music generators. A plotter is a small 
platform with a pen attached to an arm which is moved over the platform according to pro- 
.grammed instructions. It can be Valuable in mathematics,'sciehce, and art. A related device is the 
Turtle (produced by General Turtle, Inc.), a small dome^haped device on wheels with a pen 
positioned vertically in the center. It caS be moved over a floor, table, or other surface in the 
sarne manner as ;the plotter pen on its platform: Another special device is a video terminal with 
graphic capabilities. This enables a program to cdntidl the motion of a dot on the^^creen with re- 
tention of the track of its motion^ resulting in a picture. 

All such devices, require such special terms in the pro^amming langpage as LEFT, RIGHT, 

PEN DOWN, PEN UP for a programmer to control them. If you wish to design or acquire such 
applications, you need to determine whether the language you have available contains the .com- 
mands necessary to control the device you want. A language designed with specific allowance for 
these functions is LOGO. Some manufacturers provide a BASIC with built-in plotter functions. 
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tHE ELEMENTS OF A PROGRAM 

Whiie you may never wish to become an expert computer programmer, you may be called upon 
to make a general evaluation of ah instructidnal Unit which is based on a computer program, or to 
interact with a programmer in developingjyour own computer-enhanced units. It will therefore be 
useful to know how to get a rough idea of what's happening in the program. 



Inputs Process, Outj3Ut 

First, let's review the function of a computer program. A cdiilputef program is the means by 
v^hich a user communicates needs to the computer in a systematic, step-by-step way. In order to 
solve any problem, the computer essentially does only three things: it receives data as input, pro- 
cesses the information, and outputs new information. Any computer program, written in any 



INPUT 




OUTPUT 



Figure 1-18. Input-process-output flow. 



language, can and must reduce the problem it deals with to these three fundamental elements. 
Once we identify what is to be input, how it is to be processed, and what is to be output, we can 
see the purpose of a program quite easily . 

Let's examine the very short BASIC program in Figure 1-19 below to identify each of the 
three elements. 







30 


INPUT x#y 


40 


LET s«x+y 


50 


PRINT S 


60 


END 



Figure 1-19. Simple BASIC program. 

/rjpvt tnsiruciibn j — - ' 

This program directs the computer to add two numbers and print the sum. The input in- 
struction is easy to find in a. BASIC program, since the v^^ord INPUT is used. The statement 

^ 36 INPUT X,Y 

provides for the user to input (enter) data in the form of values for any two numbers, which _the 
computer will call X and Y. z 
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Process Ihstructioh 

The process instruction in this program is simply: 

40 LET S^X-f Y 

which tells the computer to add the values for X and Y and call the sum S. Processing informa- 
tion usually involves some calculation or some rearranging of data, often (as^n this case) in the 
form of one or more equations. 

Output Instruction 
The output instruction: 

50 PRINTS 

tells the computer to print out (on the teletypewriter) the sum S which it has just calculated. 

End /nstructJof, - 
Finally, the computer is told that it is finished and can stop: 

60 END 

tine f/uwbers 

The numbers 30, 40, 50, and 60 are line numbers and identify or name each instruction in 
the BASIC program. 

Comments 

Programmers frequently insert remarks or comments in a program to make its purpose clear 
to anyone who may be examining it. In BASIC, such comments are identified by the word REM 
(for remark). Read over the same simple BASIC program, this time with "remarks" added: 



10 REM THIS IS 




EXAMPLES A 


26 REM Pn96RAM 


TO 


ADD & NUMBERS 


30 INPUT X»Y 






40 LET S=X+Y 






50 .PRINT S 






60 END- 







Figure 1-20. Simple BASIC program with remark statements. 



With the remarks added to the program, you can examine and determine its purpose. Many 
programs have such helpful explanatory remarks, though the word used to identify them will 
\^ty from language to language, 

A Program at Work 

Let's look now at how this program works in actual practice. 

First the program must be loaded into the computer. Let's assume you are using an electric 
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typewriter terminal and are loading the pfograni from punched paper tape asing the electric type^^ 
writer's paper tape reader. As the program is loaded, it will automatically be listed on the electric 
typewriter paper and will look like the listing below. 



10 REM THIS IS 
80 REM PROGRAM 
30 INPUT X#Y 
AO LET S-X-t-Y 
50 PRINT S 
60 END 



AN EXAMPLEI A 
to ADD 2 NUMBERS 



Once the program is loaded, you can direct the computer to execute it. On some computers 
this is done by typing the word RUN after the program is loaded. 



10 REM THIS IS AN EXAMPLE: A 
80 REM PROGRAM TO ADD 2 NUMBERS 
30 INPUT x#r 
AO LET S'K^Y 
SO PRINT S 
60 END 



RUN. 




When the computer executes the program, it ignores the REM statement^ then encounters 
the INPUT instruction and types a question mark (?) to ask you to supply the two numbers as 
input data. You then enter the two numbers from the termiri^ by typing them on the keyboard. 
(The two numbers entered are underlined in the sample below.*) - 




10 REM THIS IS AN EXAMPLE t_ A 



SO REM PROGRAM TO ADD 

30 INPUT 

AO LET S-X-t-Y 

50 PRINT S 

60 END 



2 NUMBERS 



RUN 
7389# 877 



Next, the computer processes the data (adds the two numbers) according to the instructions 
and prints out the new information— ti-e sum! 



♦Throughout this text, user entries on samples of runs are underlined so that you can readily see them. No underlin- 
ing will appear, of course, when you actually interact with programs. 
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ie REM THIS IS AN EXAMPLE: A 
80 REM PRQ6RAM TO ADD 2 NUMBERS 
30 INPOT x*y 
40 LET S-X+Y 
50 PRINT S 
60 END 



RUN 
1389, 




Then it prints out the word DONE. 'Hie complete printout would look like this: 



10 REM THIS is AN E>SAMPbE:'A 
80 RE» PFBOGRAM TO ADD 2 NUMBERS 
36 INPUT X#Y 
40 tET S-X-^Y 
50 PBINt S 
60 END 




^ME 



Figure 1-21 . Printout of program listing and run. 



Control Instructions 

Using this BASIC program^ if you wanted to add two more numbers, you would have to 
start over and run (execute) the program from the be^nning again. We could, however, make it 
add numbers over and over again, by writthgHn a control instruction like this: 

55 GO TO 30 

This instruction directs the computer to go back to statement 30, so that it keeps repeating the 
process step over and over. What will the computer do now? Examine the following printout. 
By inserting the control instruction: 

55 GO TO 30 

we cause the computer to return to statement 30 after it prints each sum to request two more 
input values. There is only one proL.em:.we haven't programmed in a way for the computer to 
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10 REH THIS IS AN EXAMPLEV A 

REN PROGRAM TO ADD 2 NUMBERS 
'30 iNPtrf X*Y 
40 tEt S«X^Y 
50 PRINT S^ 
155^0- Ta3^ 
6d fiHD 



Figure 1-22. BASIC program with control instruction. 



to REM THIS IS AN EXAMPUEt A 

SO REM A PROGRAM TO ADD 2 NUMBERS 

30 INPUT x#r 

40 tEt s«x*r 

50 PRINT S 

55 do to 3b 

60 END 




Figure 1-23. Printout listing and ran with control statement GO TO 30 added: 

stop^this is an "endless loop." Inserting another<:ontrol instruction, as in the example in Figure 
1^24, below, will solve the problem. 



ib 


REM THIS IS 


AN 


EXAMPLES A 


so 


REM PROGRAM 


TO 


ADO 2 NUMBERS 


30 


iMPUt X*Y 






^5 


IF X-0 THEM < 






40 


LET S"X*Y 






50 


PRINT S 






55 


60 TO 30 






60 


mp 







Figure 1-24: IF-THEM control instruction in BASIC. 
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The control instruction: 

35 IFX = 0 ti:EM60 

allows you to stop the computer at any time by entering a zero as the input value for A". (When 
you do this, ybU must also enter a numbef— any number— for Y, since the prdgfam expects an 
input of two numbers: X, Y.) When 0 (zero) is entered as the first input number, the program 
will go to statement 60 and stop. 

Now, examine the printout below: 



to REM 

20 REM 



THIS IS AN EXAMPLE! A 
PROGRAM TO ADD 2 NUMBERS 



30 INPUT x#y 
^35 *iF X«0 THEN 60 
40 fcET s»x*y 
5(9 PRINT S 
5b 60 TO 30 
60 END 

RUN 




DONE 



Figure !-25. Printout of program with control instruction to stop the program. 



Dr ess Up Fea tu res 

Computers can output data of two types— numbers and letters. This makes it possible for 
J a programmer to "dress up" the output with labels and messages, as shown in the printout for 
Figure 1-26. 

This ends our brief look at the elements of computer programs. The examples we used were 
in the BASIC language, but the 'same elements make up programs in any language. With the 
knowledge of the three fundamental elements, you can now examine a program in almost any 
language and get a rough idea of its purpose: 



1 : Instructions concerning the input of data: 

2. Instructions on how the data will be processed. 

3. -^ Instructions concerning the output of data. 



Keep in mind that control instructions will help you find your way through the program, 
and programmers' remarks wiH help you interpret the pro-am. 
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10 REM THIS IS AN EXAMPLE: A 
20 REM PROGRAM TO ADD 2 NUMBERS 

25 PRINT **tYPE 2 NUMBERS SEPARATED BY A 60 MM A" I 

3b INPUT X>Y 

35 IF X«0 THEN 60 

4b LET S«X+Y 

5b PRINT 'THE SIW IS" J S 

5 eb TO 25 
60 END 



RUN 

TYPE 2 NUMBERS SEPARATED BY A COMMA? 3 89# 877 

THE SUM IS 1266 _ _ " 

TYPE a NUMBERS DEPARATED BY A COMMA? ^^I^ 

THE SUM IS 94 

TYPE 2 NUMBERS SEPARATED BY A COMMA? 0#:0 



DONE 



Figure 1-26. "Dressed up" printout. 



20 PRINT "M-. yOU WiSH -ta FIND THE AREA OF A RECTANGLE* PARALLELORRAM. " 

25 PRINT "SOUARE* TRIANGLE, TRAPEZOID, OR RHOMBUS?" 

30 PRINT "TYPE A 1,2,3,4,5, OR ft" 

35 INPUT N -__ -_ 

40 GO TO N_OF. 115*135*155* 175* 195,65 _ _ _ _ _ 

65 PRINT "RHOMBUS - FORMULA IS A-DMD2/2 - WHAT ARE THE DIAGONALS!" 

70 INPUT b4,02 - -- 

35 PRINT "THE AREA OF THE RHOMBUS IS "J Dl •D2/.2I "SO. UNI TS" 

80 PRINT 

85 PRINT 

90 PRINT "DQ you WISH TO CONTINUE?" 

95 PRINT "ir rES TYPE A I, IF NO TYPE A 0." 

100 INPUT M - 

105 It Ms 1 -THEN 30 - • 

no GO TO 215 _ _ _ _ " 

ri5 PRINT "RECTANGLE - FORMULA IS A- BH - UHaT IS THE BASE AND HEIGHT?" 

120 tNPUT B*.H_ A _ _ . _ 

125 PRINT "THE AREA OF THE RECTANGLE IS"lB»Hl"SO. WITS" 

130 GO TO 80 _____ _ 

135 PRINT '-^PARAtL FLO CRAM -FORMULA IS A-BH-WHAT IS THE BASE AND HFI^HT?" 

UO INPUT B,H_ _ __ " 

145 PRINT "THE AREA OF THE PARALLELO<JRAM IS"lB»Hl"SO. UNITS"' 

ISO GO-TO 80 -- - - 

155 PRINT "SQUARE-rORMtA.A IS A-S»S- VHAT IS THE LENGTH OF A SIDE?" 

160 INPUT S _ _ _ 

165 PRINT "THE aRea OF tHE SQUARE 1 5"> S»SI "SQ. tJNiTS" 

130 GQ -.TO fiO 

175 PRINT "TRIANGLE - FX)RMULa IS A-1/28H - WHAT I? TME BASE AND HEIGHT" 

180 INPUT B*^H- - - ^ V 

165 PHINT ••THE AREA OF THE TRIANGLE I S"I *»*2*B»Hl ''Sd. UNITS" 

190 00 TO 80 

195 PRINT ''TRAPEZO ID-FORMULA IS A- l/2H«BI*B2)-EWTER HEtGHT AND 2 BASES" 

200 INPUT HiBl#B2 _ _ _ __ -\ * 

£05 PRINT "THE AREA OF A TRAPEZOID I S" 1/ 2*H» ( Bl ♦B2 ) I "SO. UNITS" 

lis ^^RINt "IT WAS rtlN CALCULATING THE AREAS FOR rOtf, COME BACK. AN O** 

216 PRINT "SEE ME AGAIN." 

220 END 



Figure 1-27.' QUAD 9-sampIe BASIC program listing. 
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Samples to Interpret ^ 

Figures j-27 and 1-28 are examples of two BASIC program iistings similar to the kind of 
listings you may run across when looking for progranis to Use in your classes. To the left bflhe 
listings, we have made a rough determination of the program's purpose and other features. For 
practice, you rnay want to cover the marginal notes and try to interpret the listings oh your own. 



WHERE IS THE PROGRAM? 



When using a computer program, you may wonder about several things: Where is the pro- 
gram (instructions) that makes ail of this happen? What happens to that program when I sign off 
the terminal? if i make a mistake typing in a response will it damage or destroy the program? 

Original iri Storage, Copy at Work 

The answer to the first question is that ali programs are usually stored in the computer's 
permanent storage area, located either inside the CPU as a part of working storage or, more fre- 
quently, in a separate auxiliary storage device nearby. When yjQU call the computer and ask for a 
certain program that is stored in it, a copy of th;it program is automatically taken from perma- 
nent storage and transferred into the working storage area set aside for you in the CPIJ. The 
original progiam stored in permanent storage is left there. This copying is very much like making 



deprec 



60 

70 
80 ' 
90 

ico 

13Q 
UO 
150 
160 
170 
180 
190 
800 

eib 
rco 

£30 
C4b 

esQ 

260 
270 
880 
290 
360 
310 
318 
314 
316 
318 
3fi0 
32 J 
32S 
330 
3S0 
400 
480 
430 
440 
450 
460 
49b 
999 



PBINT "THIS PROGRAM- SHOWS HOW PIECE OF CAPItAL.EOUIPMEWT**. 
PAINT '^DEPRECIATES ACCaROING TO THREE COHKOMT.Y USED DEPRECIATION 
PRINT ""METHGDSi STRAIGHT CINE« Stm OF THE DIGITS* MID DOUBLE" 
PRiNT ''DECLINING." 
PRW ^ORIGINAL CbST-> 

mpoT c _ 

f'RXNT "LiFC OF I TtM"i 

UiPOt L 

" SCRAP VALUE"* 
S 



YFAn"*»'STBAI GHT'*#*'SUM OF'*#"D0t;BLE" 
LINE"*"DIGlTS"*"DECLIWlMG" 



PRINT 
INPUT 
PRXNt 
PRINT 
PRINT 
PRXNt 
LET V-C^S 
LET Dl-V/F. 
LET r-C CL*1)/2>»L 
LET S-L 
FOR X"l TO L 

LET De»v*<z;/y> 

LET 2-?-l 
LET D3"2*C/L 
l^et- C-C-D3 
PHINT_X.' 
LET Q-bi 
jlQSUB_4Q0 
LET Q'PS 
GO SUB 4bb 
LET Q-D3 
00 SUB 400 
PRtNt 
NEXT X 
STOP__ 

Let Q- INtiQ* 1 bO)/ I 00 
ILr fi> 100 THEN 440 
PRINT - 

tP-O^iO THEN 460 

paiNT " 

PRINT "l-O* 

RETURN 

END 



Figure 1-28. DEPREC-sample progiam listing in BASIC, vvith comments: 



■ , 35 

« a . 

o 
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a phuiocopy of a page from a library book and then using the photocopy to write notes and 
comments on. When the photdcop- is usedj the origihai (in the book on the shelf) is not affected. 
If you are using a time-sharing system, it is p6ssi_ble that a number of different people are using 
copies of the same prograni at the same time. The interaction with the copy of a program in 
working storage is illustrated in Figure 1-29: 



INPUT/OUTPUT DEVJCfi 
(inferacfing with cOrtipufer) 




CPU 



AUXILIARY STORAGE 



Figure 1-29. Interacting with a copy of a program in the computer's working storage. " 



When you sign off and leave the terminal, the copy you have been using is erased, without 
affecting the program in permanent storage or the other copies being used^It is possible to erase a 
program from the permanent storage area, but this requires special instructions written 63cpressly 
for that purpose arid hence it cannot be done by acciden^^^^ 

It is useful to think of the computer as having a library of programs. Some computers are 
rather small and can work with only one or two programs at one time. Others are large arid can 
have many programs operating simultaneously. The number and size of the programs a coriiputer 
can handle at* any given Mme is often a way of determining the size of the computer. 



Typing Errors _ __ _ _ _ _ __ 

What about our last question concerning the effects of making mistakes in typing? When 
you make a typing mistake in your response, you will not destroy the program, so don't be afraid 
when you type in your responses. 
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INTRODUCTION: THE VERSATILE COMPUTER^' , ^ 

The computer has been harnessed to perform a number of different tasks in modem society; one 
observer has identified over 2,000. Today, computer use is comrnonplace in all sectors of society. 

In the last two decades, the cpmpufler has been found to be as Versatile and useful a topl in 
education as it has in other fields. Schbbl administrators have found many ways to simplify their 
jobs. Gne of their most complex and tiihe-consuihing tasks, class scheduling, has now been com- 
puterized in most districts: Dozens of other administrative chores are made easier or taken over 

^ completely by the computer— particularly those having to do with record-keeping and clerical 

" tasks^ 

The most sophisticated administrative users have begun to see the computer as a manage- 
ment tool, providing instant information to help them make better decisions. During salary nego- 
tiations, for example, a computer can quickly provide new salary schedules for each plan under 
consideration, project the costs over the next few years, and show the effect on the rest of the 
school budget— all while the negotiating session is still going on. As districts are faced With the 
necessity of cutting costs, computers can help educational managers do enrollment projections 
as the basis for more realistic budgeting and planning. 

Many school districts across the nation are implementing computerized total management 
inforfftation systems, including financial, per^ and student accounting systems. 

^Xh,ese Jystem^ .are JiiikedlCL-fo 
system (MIS). 

And what about teaqhing? Hiis has been the last area to use computers in significant vfays. 
Nevertheless, in the last few years a large variety of instructional- applications have been intro- 
duced, and the computer has swiftly become a useful tool for both teacher.and student. Accord- 
ing to a recent study by Americin Institutes for, Research, the number of secondaiy schools using 
the computer for instructional purposes doubled between 1970 and 1975 (from 13 to 27 percent) 
and will double again (to 51 percent) by 1984; 
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You are probably familiar with sortie of the growing pdssilbilities 6f computer-based instruc- 
tion in schools today, ranging from remedial. drill work to exciting cbmputer-erihanced discovery 
experiences. The overview presented in the foUbwing pages is designed to give you a-brief intro- 
duction to 12 of the most common computer applications in the modern instructional setting, 
including some of the newest uses in guidance and instructional materials generation. While the 
12 uses of the cdmputqr discussed here do not exhaust the avaiiabie approaches to computers in 
this continually developing anj changing field, they focus dh the most fundamental and fre- 
quently encountered applications today. 

As a means of systenjatizing this presentation, these 12 applications have been grouped into 
five basic Categories, centering on the use of the computer as: 

1 . An instructor I teacher; 

2. Alahoratory: . 
3^. A calcuiator; 

4. An o/?/ec/ of instruction; 

5. An instructor's/tfekcher's fl/dfe. 

This grouping is schematized in Figure 2-1 belov/. 




Figure 2-1. Diagram of instructional uses of the computer. 
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While reading over the scheme in Figure 2-1 , it is imiDdrtaht to keep in mind three thin^; 
First, to date there is no universally accepted single way of classifying instructional modes of 
computer use. Our present scheme represents Just one way of structuring it. Second, the scheme 
excludes a number of less frequently encburitefed applicatidris as well as the many Uses which are 
in various stages of development at present. Third, since the computj|s versatility allows it to 
play several roles at once, the helpful distinctions made by our diagram among general kiivds of 
uses is quite limited; any actual instructional module (unit, application, course, Jfejson) may 
utilize the .cpmputer in a number of different, overlapping ways and hence fall into two or more 
of the twelve sectdrS at once. Keeping its limitations in mind, however^ you should find the 
scheme in Figure 2-1 helpful for thinking arid talking about current computer uses. In the follow- 
ing pages, each of the 12 uses in categories 1-5 is described in turn and examples of printouts or 
related materials are given to illustrate the special features of each use. 

' / * ■ ^. • ■ 

THE COMPUTER AS INSTRUCTOR 

In a very limited sense, the computer can be programmed to function as a teacher; typically, it 
can provide drill, answer questions, provide examples, pose problems, dole j3Ut helpful hints, 
demonstrate how to do something, arid so on. While it riiay' irideed be unlikely that computers 
will ever replace human teachers, computer programs have been developed to perforin some of 
the more limited and routinized teaching tasks, freeing the instructor for the more creative and 
conceptual tasks requiring the capacities that only the teacher possesses. 

The two most cotnmon ways in which computers i^re used as instructors are to provide drills 
and to function as a tutor. 



The Computer as Drillmaster 

The term *'drill and prac::ice" correctly implies that the computer can act as a drillmaster. 
Students first develop a skill or acquire sdnie factual knowledge— without the computer. Perhaps 
they learn riiaterial from a lec:ure arid chalkboard, a tutor, prograriimed iristruction, a textbook, 
videotape, or some other means. THey then use the computer to review and practice these skills 
and concepts. 

In several disciplines— notably arithmetic, reading, spelling, histoiy, languages^ and the 
sciences— there are specific facts to be learned or skills to be developed. This type of leariiirigis 
facilitated by practice. and reiriforceriierit, which riiay take hours and hours of teacher time. 
The use of^the computer for reinforced learning frees the teacher from tiiis task.Jt also permits 
pacing to an individual student's growth needs. 

A typical drill interaction between a grade* school student and a computer is shdvm in the 
printout in Figure 2-2. : ■ ^' 

This exariiple illustrates how the computer presents a question or problerii and ijie student 
types an answer. Hie cbriiputer compares the answer with the expected response: If it is correct, 
a new problem is presented, providing a subtle burpqsitive reinforcement for gjying the correct 
answer.' If it^ is incorrect, the student is given another chance, and after a few incorrect tries will 
t)e gVeiv the correct answer^ as is illustrated in the exariiple in Figure 2-3. * 

Most drill arid practice ^rograriis have essentially this sariie basic format: a problerii is I^re- 
sented, the, student, responds, and the response is compared with ffie expected response. If it is 
correct, the student goes on to the new material; if incorrect, he is given another chance. 
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HERE IS A SENTENCES 



THE SPACECRAFT LANDED SAFRLr 
ON THE NOON. 

WHAT IS THE SUBJECT OF THE SENTEMCE? 
7 SPACECRAFT 

RIGHT! _ e ^ 

WHSTlJS THE VERB? 
7 SAFELY . ' 
N0# THY AGAIN 
7 LANDED 
RIGHT 

HERE IS A SENTENCES 

GORILLAS OFTEN SLEEP IN TREES* 

WHAT IS THE SUBJECT OF THE SEMTENCF7 
7 GORILLAS 



Figure 2-2. Sample drill interaction.* 




WHAT^S THE CAPITAL OF 0REG0N7 
7 PORTLAND 

PORTLAND IS NOT THE CAPITAL* TRY AGAIN. 
7 EUGENE - .: 

VRONG^ TRY AGAIN 
7 SEATTLE 




^N0> THE CAPITAL OF OREGON IS SALEM* 



WHAT'S THE CAPITAL OF NEW Y0iRK7 
7 ALBANY 
^ RiGHt* 



Figure 2-3. Sample interaction in which answer;is giveii. 



Many mbdificatibris iare possible. For example, the program can easily be chahj^d to provide 
more positive feinforcement for correct answers, as in the example shown in Figure 2-4. 

If a student is having difficulty with a set of problems, he can be branchcsd to an easier set, 
or lo remedial material for a particular concept. In addition, wrong answers caii be analyzed with 
a printed message telling the student what concepts need review, such as is shown in Figure 2-5. 

One significant advantage of using the cbniputer as drillmas|er is that it can keep detailed 
records of student perfbrmahce, both group and individual, and pro\^de a variety of reports for 
the teacher to use in planning each student's learning experiences. Also, a student can move at his 
own pace through the material^ spending more time with Jtroublesome concepts or proceeding 
quickly through areas already mastered. Figures 2-6 and 2-7 illustrate the range of subjects for 
which computer drill may be apprbpriate * ^' 

It is important to remember that the cbmputer when used for drill and practices does not 

"*So that the reader can easily identify the user entries on sanfple printouts, we have underlined them. In actual 
interactions, however, such underlining does not occur. 
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17 * 2i » 13 + J. 
VERY good; YOU'RE RIGHT. 

f > 1 i 

HIGHT. AGAIN I 

12 3 <. 16 

EXCELLENT-. YOU ARE DOING VERY WELL.. 
TRY ANOTHER. ' . j 

15 * 7 > 22 




Figure 2-4. Sample dri!! providirig reinforcentent for correct answers. 




7 * 8^ 13 

WRONG. TRY ANOTHER ONE. 
3 ♦ 4i i 6 

WRONG. TRY ANOTHER ONE.. * 

5_A iO . 

WRONG. YOU SEEM TO HAVE THE < .AND > SIGNS ^ 
CONFUSED. REVIEW THIS TOPIC THEN COME BACK 
'FOR MO RE PRA CTICE. - - 



Figure 2-5. Sample drill providing guidance in concepts to review. 



teach, but merely functions as a tool for practicing what the teacher is teaching. If th| computer 
program also "teaches**— that is, presents material designed to inrtruct— it can more appropriately 
be called a tutorial progran. 

The Computer as Tutor 

Tutorial programs aliow a livelier interaction between student and computer ffian is usually 
p'-ovided in drill and practice units. Ideally, in the tutorial role, the computer teaches by the 
Sdcratic methddMt presents factual irifonnatidn^ then engages the student in a question-and- 
answer dialogue. The student rhay interact \yith the information in various contexts and applica- 
tions, ysing and experimenting with the principles he or she has learned. Typical tutorial interaction 
IS shown on the sample printouts in Figures 2-8 and 2-9. 

Tutorial programs may be problem-oriented, that is aimed at helping students jdevelop 
pfdblem-solving or critical thinking skills in a back-and-fofth exchange with the computer. Look^ 
over the example of a probleih-drierited tutorial lesion in simple logic in Figure 2-9. _ i 

Diagh(»tic:and remedial programs may also be incorpbratejl in the tutorial so that, depend- 
ing on SL student's responses, he or she may be branched to the appropriate sequence. \ 



i 



N 1 

i 



RUN 
MftTH03 

VHAT r£AR» Bt.6ck# AND tEVEb tO YOU VANt?6»24#5 

heLLo jack* ve hope rou £fiJor today's problems* 

« 6245 

H0l^ vi QO tit it iimm^**** 

6 X 3 ■ ^ IS 

AB_ / 6 * 3 
1/ 6 OF |8 ■ 3 
4 XjSl» 16 
16 / -4 i 4 
1/4 OF 16 - 4 

5X4 \ 

20 / 5 - 4^ 
l/i^OF 20 S 4 

7 X 4 • 28 




28 / 7 • 



Figure 2-6. Sample interaction with drill and practice program MATH03, available from 
Hewlett-Packard. 



GUTEN TftG* ICH HEISSE HAINJS. HEISSEN SIE? 

7 MARK 

IF YOU WANT TO TRANSLATE ENGLISH TO GERMAN TYPE EMGLISCH- IF 
YOtJ >?ANT TO TRANSLATE GERMA!VJ TO ENGLISH TYPE DEUTSCH 
7ENGLISCH 

WIE7IELE WOEKTEK 'j/0:,LEN SIE GEBEM7 TIPPEN SIE DIE NUMMER 
TIPPEN SIE E)AS DEUTSCHE SORT FUEH THE RIUER 



DAS GEHT NICHT_ ' 

SIE HABEN DAS FAtSCHE WORT: GEGEBEM 

TIPPEN SIE DAS DEUTSCHE 'jJORt FUER THE RIVER 
7 PER FLCJ SS 

WONDERBAR- 

TIPPEN SIE DAS DEUTSCHE i^ORT FUER THE UNCLE 
7 DER ONKSL 
GHOSSARTIG 

tfENN_SIE VEITERMACHEN WOLLEN* TIPPEN SIE MEHR iSONST NEIN 

7 MEHR . __ ^ 

IF YdU WANT TO TRANSLATE ENGLISH TO. GERMAN TYPE EN6LISCH* IF 
YOU w4nT to translate GERMAN TO ENGLISH TYPE DEUTSCH 

7 DEUTSCH ^ _ 

v?IEVIELE WOERTER WOLLEN SIE GEBEN7 TIPPEN SIE DIE NUMMER 
7. 



Figure 2-7. Sample interaction with German language drill program GER2, available from Project 

soto- ^ 
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**ALU POINTS ON THE EQUATOR ARE D DEGREES LAT*** 



TO_MAKE_0UJ?_EARTH QRlD WE NEED MORE E-M LINES_ 
CROSSING THE N-S I.INE. THESE LINES ARE CACUED 
LINES OF LATITUDE CLATi> 

PLEASE WATCH THE FOLLOWING ILLUSTRATION WHILE 
IMARKASERIES OF POINTS ALL I DEGREE SOUTH 
OF THE EOUATORi 

- N POLE C90 DEGREES NORTH) 
• • • 



E I- 



■EOUATOR- 



A ti 



>• B 



• • • 

S POLE C90 DEGREES SOOTH) 

HENTALLY CONNECT THE DOTS TO FORN 
A LINE OF 5dUTH LATITUDE* DONT BE CONFUSED 
BJECAUSE LINE AB IS AN E-1* LtNEt. A LINE IS 
ONLY A ROW or POlNTSi Att THESE POINTS ARE 
SOUTH OF THE EGUATOR. THEREFORE IT IS SOUTH LAT* 



A GOOD EARTH GRID WOULD HAVE--LINES OF LAT* 

A • 90 

B. 180 

C. WANT TO SIGN OFF 
T B - 
RIWT* 

90 LINES OF S LAt* AND 90 LINES OF N LAT* 




Figure 2-8. Sample interaction with a geography tutorial program available from Minnesota 
Educational Computing Consortium. 



HERE IS A STATEMENTi 

' IP IT RAINS THEN tYLE WILL STAY HOME. 



CAN YOU CONCLUDE 



PIRST# ASSUH& it DOES NOT rain. 
THAT LYLE WILL NOT STAY W)HE7 

RIGHT* 



ASSyMING THAT LYLE STAYS HOME# CAN YOU CONCLUDE^ 
IT RAINS7 / 
TYES • _ : _ 

N0«_YQU8_ CONCLUSION tS INVALIDI YOU DENIED THE| 
ANTECEDENT* 



Figure 2'9. Sample logic tutorial. 
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While a drill arid practice prdgraril usually is prdgrariimed to discriminate drily right responses 
frbni wrong ones, some tutorials are prbgraniiTied to deal with any conceivable response, includ- 
ing slang words and swearing. Here is a sample printout from an interactive tutorisd program 
'which can deal with a wide range of student responses: 




HECAtL FROM OUR PREVIOUS LESSOM THAT 6E0RGE ii RTJbED 
GREAT BRITAIN FROM 1727 TO i760# AND THAT DURING RIS 
REIGN BRITAIN HAD A SERIES OF WHIG PRIME MINISTERS* 

V 

WHO WASTHEEIRST PRIMEMINI STER Ta SERVE UNDER GEORGE 
II? LET '^SEE* « WAS I T COMPTON? 

NO — 60HPT0N WAS THE SEC O N D PRTME MINISTER TO 
SERVE UNDER GEORGE II; PLEASE TRY AGAIN* 

WHO WAS THE FIRST PRIME MINISTER TO SERVE UNDER GEORGE 
117 WAS XT WlLSdN#_ MAYBE? _ _ _ _ _^ 

NOW STOP PLAYING AROUNDJ NO 0^rE BY THAT NAME EVER 
SERVED AS PRIME MINISTER IN GEORGE II *S TIME* PLEASE 
TRY AGAIN* ' 

HO WAS THE FIRST PRIME MINISTER TO SERVE UNDER GEORGE 

12 y/HlNT _ . 

THE HAN I*M THINKING OF ALSO SERVED AS PRIME MINISTER 
>i UNDER GEORGE I* NOW TRY AGAIN* 



Figure 2-10. A tutorial interaction which handles a wjde range of student responses— program avail- — 
, • able from Minnesota Educational Computing Consortium. 

Notice the flexibility o£.cbmputer responses in the tutorial role. 

Since a tutorial assumes the burden of the teaching task, you will notice a variety of styles 
and formats in tutorial programs. Some incorporate the elemente of learning theory and are care- 
fully designed; others reflect a less sophisticated approach to teaching. An example of a rather 
complete and complex tutorial interaction is shown in Figure 2-1 1 . . 



THE COMPUTER AS LABORATORY 

The computer can act as a laboratory in a wide variety of iristructibnal situiatibns by providing an 
environment in which the student can examine inforrhation, construct and examine models, and 
conduct experiments. Typically, the computer presente some portion of the real world in a way 
that allows the student to learn by experimentation and observation. 

There are three different approaches to using the computer as a laboratory: theliata analysis 
approach, the problem-sblvirig approach^ and the simulation ai)prbach. 

Briefly, in the data analysis approach, the real world is represented by a set of data (a "data 
base") describing some aspect of the real world. The student runs experiments with the data and 
tests hypotheses about real-world relationships by comparing the different categories. 

' In* the probjem-solving approach, the student learns about some aspect of the real world by 
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LAtttT I4i28l8l 7 JUL 71 



HELLO AGAIN. WO ARE YOU* TYPE YOUR NAHE 
AFTER THE QUESTION HARK. 

T JADE ^ - _ '" 

YOU MAY FIND THIS PROGRAM TAKES YOU LONGER 
THAN TEN MINUTES TO OPERATE- WATCH YOUR TIME. 
WHEN YOU SEE TIME 'IS^ NEARLY tfPi ANSWER THE 
NEXT QUESTION WITH THE SIGN OFF CHOICE* 
COME BACK ANDTHEK TIME AND TRY IT AGAIN. 

««EVERY CIRCLE HAS 360 DEGREES** 

WHAT ELSE DO YOU WANT TO KNOW ABOUT CIRCLES. 



A. RELMED HORDS FOR GEOGRAPHY 

B. DEFINITIONS OF A CIRCLE AND A SPHERE 
C* Nl^BER OF CIRCLES ON A SPHERE 

D* NOTHINiS RIGHT NOW 
E* WANT TO SIGN OFF 
t ^ 

LATl I4l3dl04 7 JUL 7!, 



«9>NUMBER ClF CIRCLES ON A SPHERE** 

BECAUSE. CIRCLES* JUST LIKE STRAIGMT LINeS# 

ARE A ROW OR SERIESOF POINTS* THEY ARE 

IMAGINARY UNTIL WE DRAW THEMi WE CAN IMAGINE 
ANY NUMBER OF CIRCLES ON A SPHERE AND THEN 
DRAW THEM. 

REMEMBER! 

A. THERE REALLY ARE NO CIRCLES DRAWN ON THE 
PLANET EARTH* THEY ARE DRAWN ONLY ON THE 
GLOBE OR CERTAIN MAPS. 

^•A CIRCLE ON THE PLANET MAY HAVE ANY RADIUS 
YOU CHOOSE* 

C*A CIRCLE W»TH_ THE SAME RADIUS AS THE^SPHERE 
IT IS DRAWN ON IS CALLED A GREAT CIRCLE- 
LIT IS THE LARGEST CIRCLE THAT CAN BE 
DRAWN ON A SPHERE* 



g*IT ALWAYS CUTS THEPLANET INTO TWO, 




Figure 2-1 1. Sample geography tutorial available from Minnesota Educational Computing 
Consortium. 
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writing or using a:cdrnputef pj-pgram to solve a problem. This may involve a data base, a model, 
or a mathematical equation. The approach has traditionally .been used in mathematics, science, 
and busiriess, biit it may also be used in the social sciences* or the huinahities. Problem-solving 
programs are often structured as games, especially by student programmers. 

In the simulation approadh the real wdrlB is represented by a model which is believed to 
behave like some portion of the real world. TS& interaction may be either a straightforward 
simulati^bri or a game. A simulation game allows each student to take partial or totaFcontrol of 
one side of the situatjon being modeled and to make the decisions and negotiate or revise strate- 
gies or other elements at work. In this way, the student can investigate the impact of his deci- 
sions. Interacting with a simulation/game, a student can typically test a strategy,' experience the 
implications of his choices, arid gain insight into the factoid involved and their importafice. 

Data analysis, problem-solving, and simulation all present the student with an environment 
in_which he can learn by experimentation. The chief difference between the data base and the 
simulation approach is in how the real wdrid is presented: the data base represents it as 'data 
collected from the real world, arid the siriiulation represents it as a model which generates data 
similar to data which might be collected in the real world. The problem -solving approach may use 
a data base or a simulation-type j)r mathematical modek Frequently in the problem-solving 
approach, students write the program in order to master the algorithm involved in the solution. 

The Computer in Data Analysis — ; 

One of the ways the computer has proven itself an invaluable aid iri nearly every field to 
which it has been applied is in the analysis of data. With a computer, human beings can store in- 
formation, selectively retrieve it, sort it, and analyze it in a fraction of the time it would take 
using rilariual methods. 

Iri the instructional world, this data analysis capability has particular relevance to teachers 
of social studies and the sciences, where students learti to collect data, arialyze them, and evaluate 
the results: The method of collecting data will vary from the survyes and polls of the social scien- 
tist to the obsefvatioris iri a scierice laboratory, but the need for efficient analysis and evaluation 
is the same. Since teachers' instructional objectives often emphasize interpretation of results 
rather than tedious and time-consuming computation of data, the availability of a computer for 
the computation makes it possible for teachers to assign projects and experiments previously very 
time-consuming or even impossible. , 

Take, for example, a social studies class which undertakes a special project: to conduct a 
political preference poll of every student in a 966-member student body. The class wishes to 
store a data ' '•sejn_the computer-a pool of information about the political prefererices of the 
students: The Miformation can then be analyzed in whatever way the class desires, the question- 
naire might include such items as the student's grade, age, sex, religion, party preference, candi- 
date preference, mother's party affiliation, father's party _affiliation, and so on: Once these data 
^a^e coded and stored, the class members can retrieve them in any form they wish. They can ask 
for a report comparing the par^y preferences o^grade 10 and grades 11 and 12; orthe cari- 

didates preferred by gris as compared to boys; or a breakdown of candidate preferences by grade, 
showing the votes for each candidate as a number and a percentage of the total-vote. An analysis 
could also be made of the apparent influerice of a parent's political party affiliation on the party 
preference ofthe studerit. 

Depending on the sophistication of the students and the objectives ofthe teacher, the com- 
puter can be proj^arnmed to perform various statistical tests on the data, allowing students 
formally to test hypotheses about their student body. 
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A data analysis program called SAP (Siirvey. Analysis Package),^^ developed for the Huntington 
two unit, performs statistical calculations which allow students in grades 10 to 12 to exaitiine 
large quariities of survey data: the program description from the Teacher Manual for the unit is 
reprinted in Figure 2-12. 



II. DESCRIPTION OF THE PROGRAM 



The proj^rani in this unit will do statistical calcuiatiohs useful for 
ejcaminin- and analyzing lar^,e quantities of survey data» The amount of , 
r.iw data that the. user nay enter into the program will depend on the s tor- . 
a^e -capacity of the cbnputer. (Please consult soneone faniliar with the 
computer you are usins to help you deteri^ne thp_numbsr of respondents you 
can store data for.) The nuEber of questions that can be stored for 'each 
respondent is also depend^t on storage capacity. In the rare case whare 
your cotnputer will not accept " .0" as a valid subscript^ we have included 
an option in the program to avoid the prcblem* 

After tHe user has entered ^the data, he can have the program do any 
of the following: 

1) CoraDUte the mean and standard deviation foT any variable. 
(With OPJICMS 1 through 5 a Recode OPtIO>J is ihclude'd*) 

Z) Construct a table of observed frequencies for any two. 
variables, compute chi square degrees of freedom (df) , 
and allov the user to calculate the correlatlod 
coefficient gamma if desired. 

3) Cons tract _a table of observed frequencies by row per- 
centages for any two variables i 

"4) Cons Cruet a table of observed frequencies by column 
percentages for any two variables. 

5) Construct a table of expected frequencies for any two 
variables. 

6) Stop the program. 

If a minus sign (-) is typed before the option number, the program 
will use previously stored data tb-nake its calculations. . For example, 
if Che user selects OPTIC:^ 2.,^he will be asked to; name two -varia^ 
then the program will make Che calctilations and print the results using 
these variables. If thesape two variables are to be used with another 
option, the user should type "-" and then the option number. This will 
cause the sane : two variables to be used in the calculation and j/ill save 
considprable tine by not having the. machine re-read the data from data . 
line storage. We_s«^gest that you become familiar with this option^ since 
it will save you time. 



Figure 2-12. Sample program description from the "Survey Analysis Package'* unit by Huntington 
Two Computer Project. 

♦"Survey Analysis Package" of the Huntington Two Computer Project is available from Digital Equipment 
Corporation, Maynardt Massachusetts. 
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Data analysis programs like SAP are also used as a base for hypothesis-testing exercises, using 
data organized by the teacher or another curriculum developer. As an example, read over the ex- 
cerpts in Figure 2-13 taken frbrH the "Analyzing Grime" unit, which uses the data analysis sys- 
tem INQUIR as a base for formulating and testing hypotheses about crime. The Analyzing Crime 
unit is available from Hewlett-Packard. 



Crime I Its Frequency ano^tJcdurance 

We know that big cittes are the most troubled by crime, especially 
what has come to be known as "street crime." We know also that certain 
areas of cities have more of a crime problem than other neighborhoods. 
What has escaped us so far is why certain people oorunit cilmes^ or 
alternatively, why certatfi areas have iftbre crimes than btheis. These 
exercises won't answer this question for you because, in part, no one 
has an answer. You will, however, uncover something about the ■ 
characteristics of neighborhoods and the occurrence of three kinds of 
crime. The data are from the l?ew ^erkef imes and describe the ?! police 
precincts in the city. Each -v^t^able has been receded into four categortei 
where one represents the highest category and four the lowest. Appendix 
A contains the- full list of vrtriables. 

Exercise 1 

One variable frequently used to describe crime rates is race. 
Discover for yourself the relationship between race and crime by 
crosstabuiating the proportion of blacks by each of the three crimes.: 
What do you conclude? j 

Mow investigate another ethnic minority, Spanish speaking residents 
or their immediate fajnilies. Do this by crosstabuiating the proportion . 
of Spanish speaking residents by each of the three crimes. Do you 
notice any differences? To what might you attribute this? 

A siBCdhd school of thought argUes that crime is basically a 
result of poverty, i.e.^ poor people commit more crimes because (1) they 
profit^by doing this arid (2) being unemployed they have nothing else 



Figure 2-13. Excerpt from the Hewlett-Packard unit, "Analyzing Crime." 

Data analysis is as important in sciehtific endeavors as the laboratory ex'penments which 
generate the data. In the science laboratory, the available time and money usaally restrict the in- 
dividual student to making one run through an experiment; but because dupli^^ate runs are usu- 
ally necessary before any degree of confidence can be placed in a result, the one-run Jimit on 
student experiments too often results in students' errbriebus conclusions. 

To circumvent this problem, teachers and/br students may perform some data analysis dri 
classroom results to correct for these errors. For example, to separate acceptable experimental 



44 iNSTRUCTiONAL USES OF tHE COMPUTER 

results from unacceptable pnes for a class, the teacher might have all students record their results 
on one graph; the teacher would then eliminate by observation those result's which do not seem 
to fit the main group. 

A less arbitrary approach is to use Ghauvenet's criterion for statistical rejection of deviant 
data. This involves calculating the lower and upper bounds from some criterion level based on the 
distributidh of the data. The data items that do not meet the criterion are discarded, and the cri- 
terion level is recalculated. The process is continued until all remaining items meet the test; the 
average and Standard deviation is then calculated for these items. A histogram of the remaining 
items is made, and the expected Gaussian distribution is calculated from the average, the standard 
deviation, and the sample size. The data histogram is coifipared with the concomitant Gaussian 
distribution, and difference and chi^quared fit are calculated. On the basis of this analysis the 
acceptability of each experimental result can be accurately determined, permitting valid experi- 
mental conclusions to be drawn. 

Exactly this kind of data analysis is made possible by such a computer program as LABSTA, 
developed by Project REACT.* In- the example in Figure 2-14, the resultsJS students obtained 
from an experiment with magnesium and hydrochloric acid are analyzed. Fitst, the 55 items of 
" data (vblume of hydrogen gas as calculated by students) were entered then LABSTA performed 

the necessary data analysis. The essential parts of the tABSTA run are sho\/n in Figure 2-1 4.-' 

' . • ■ ■ ■ * 

' _ _ ■ ' ' 

The Computer in Problem-Solving 

in the area of instructions problem-solving, the bomputer can play two different roles: (1) 
it can be Used directly to solve problems too complex or time-consuming for hand solutions to 
be practiced; and (2) it can be used as a vehicle for teaching problem^olving skills through com- 
puter prbgramining. These two roles involve very different materials, interactions, and results. So 
we will consider them one at a time. 

Solving Complex Problems 

The computer can provide great enrichment to the curriculum when its capacity for flexible 
problem-solving is used effectively. In this role, it is not a mere calculator; rather, it is a tool for . 
solving complex problems and making large amounts of otherwise inaccessible iriformatiori 
avaiiabie to students. 

Unlike tutorial or drill-and-practice use, problem-solving by the computer provides little in 
the way of original ins<^-uction or correction for the student. Interaction with problem-solving 
programs is usually characterized by the computer's requesting the user to enter data needed to 
solve the problem. The computer performs all heeded mahipulations and provides the user \vith 
the solution. |^or example, in the following interaction (Figure 2-15) the student enters basic 
population characteristics requested by the computer and the computer prihts out the requested 
population projection. 

Ah important feature of problem-solving programs is their capacity to solve many problems 
of the same kind quickly, one after the other. Tliis means that-students /can explcfe partictUar 
problems in considerable depth and/or breadth. To facilitate this use, problem-solving programs 
may offer several options for solving related problems. Notice those offered at the end of the 
sample run shown in Figure 2-16 on page 47. 



♦Relevant Educational Applications of Computer Technology, Northwest Regional Educational Laboratory, 
Portland, Oregon, 1971. 
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THESE VALUES LOOK OUT OF PLACE AMD SO ARK PtJtCtHD. 
VALUE 



PASS 1 
49.3 



PASS a 

13.7 
15.9 



PASS 3 
19.4 
25 



THERE ARE 48 
AVERAGE 
22.3979 



LOWE^ 
0OUMD 



A^/ERARE 
22 .^113 



22.0981 
22.0981 



22.39 
22.39 



DEVIATION 
26.6887 



-8.39808 
-6. 19808 



PPBMITTTO DtVlATlON 
10.389K ^ 



/I. 30281 



-2.9'^ 
8.^1 



1.6<>22>) 
1.6!Sa2*^ 



VALUES IN? thf: full clean set 

SIGMA 



21.7999 

^2.0400 
22.2800 
22.5200 
22.7600 



0.2578 - 



UPPiB 
BOUND 

22.0400 
22.2800 
22.5200 
22.7.600 
23.0001 



HISTOGRAM BARS 
**** 

**** 



EXPECTED HISTOGRAM 




COUNT 


EXPECT 


biF 


CHI 2.. 


4 


3*49 


-OiSl 


0.07 


8 • 


1 i . 73 


3.73 


1.19 


24 


17.^6 


-6.44 


2.36 


8 . 


11.73 


3.73 


1. 19 


4 


3.49 


-0.51 


0.07 


SUMS OF 


VALUES* 






48 


48.00 


14.92 


4.88 



Figure 2-14. Sample LABSTA data aifalysis program printout. 

For instructional Use, problem-solving programs must rely on information ahd problems pro- 
vided to the student by textbbpks, by laboratory and classroom presentations and materials, or^ 
by student materials specially designed for use >yith the program. An example is given on page 48 
of a student worksheet designed to be used with the problem-solving ptogram FACTRI, 
developed by Project REACT. Hie worksheet provides the student with a problem involving the 
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WHAT FERTlLiTY WILL BE Sf ABT.E? &>-OtiS 

HOW MANY DECADES UMTIL FERTILITY REACHES 2.06 



?3 



DO you 'ASSUME STAMDARD BIRTH DISTRIBUTIIV < I -YES* 0-MO )7 i 

DO YOU ASSUME STAMDARD SEX RATIO C liYES^ Oi?JO )? 1 

DO YOU ASSUWE ST>WDARD MORTALITY < I -YES# 0-VO )7 i 

DO YOU ASSIWE STAMDARD P0PL1LATI0M < 1"YES# 0«M0 >7 f 

REPORTS DSHORT 8>L0VG 3>GRAPH 4>CHAMGE ASSUMPTIOMS 5)EVb?j^ 

YEAR 1970 POP- 204.8 MILLIOM FERTILITY 2.4 

YEAR FOR MEXT REPORT? 2000 



REPORT t? 3 
YEAR 2000 



POP* 26ifl*2 MILLIOM 
POT. TOT^L POP. 
,5.'. . ... 10*.. 15. 



FERTILITY S. 06 
20 




Figure 2-15. Sample problem-solving interaction with the Huntington Two Project Program USPOP, ' 

factorization of a trinomial. Instructions are then given for using FACTRI to help solve the 
problem. ' 

Detailed directions for running the program as well as a sample run usually accompany 
computer-briented student materials. Program procedures and a sample run from the FACTRl 
unit are illustrated in Figures 2-1 7b and c: - 

A combination of effective guide materials and problem-solving programs can provide more 
than just problem solutions. If a student is guided in generating a substantial range of solutions to 
similar problems, he or she can be further encouraged to learn, by "discovery," new patterns, 
-rules, and implications from the data. Another worksheet designed for use wlth'program FACTRI 
illustrates this potential. 

Before we consider how computei^ are used to teach problem solving^ look oyer the tw^ 
sample printout^ of interactions which use the computer directly to solve problems (Figures 2-15 
and 2-16). 

Siudeni Wriiiah Prbgmm 

The second role of the computer in problem solving is characterized by programs which 
students write themselves, in order to s<Mve a problem. This is probably the most popular in- 
structional use of the computer to date, since typically fewer curriculum materials are required- 
and prewritten programs are not needed. 
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arm vsoiEi «oii-s«t» nnD-e-OM oni uiiib# 

USII98 COIWAS TO SBTAXATS THIM* 



nrn vAuiBf voii-X(i>«-xci>* wo 4 

Oi OHS UNI# aSIN6 COHHAS TO SBPAHATC TNEM. 
V10#S#1 



wmerimt t • * XfS • x 



X 


Y 


-JO 


-315 


rt 


?a56 


•8 


-803 


-7 


-SM 




-tl5 


-5 


-80 


-4 


?91 


-3 


-26 


-a 


-11 


-1 


0 


0 




1 


4 


a • 


-3 


% 


-l« 


4 


-3S 


5* 0 


-60 



TO nmni a nkv iirmvAL# typc i# 

to^sif ai^A^4«v-njiiCTioii^- tf^M* 

mn OTMm mmcfi viu. stop thb^pmoiom 




Figure 2-16. Sample interaction with program offering options. 



The first discipline to make use of the computer in this way was mathematics. It has been 
said that in mathematics there are three levels of understanding: the first comes when you hear a 
cdricept explained; the second, when you explain the concefit to sprheone-else; and the deepest 
comes when you explain the concept to a computer. Programming a computer demands an atten- 
tion to logic and precision as well as a complete understanding of the concept being programmed. 

Some typical materials for problem^olvirig through cdmpUtef prdgrammihg are shown 
in Figure 2-2 1 . In this example, piart of the student material on the jproblem-solving methodology is 
illustrated^ along with a sample of how students are guided into writing the prbblem-sblving pro- 
gram. In this case, the student must write a program to solve some elementary matrix problems: To 
do this, he will need a thorou^ understanding of the matrix operations involved, as well as the 
ability to write some programs in BASIC. 

Today, many disciplines make use of program writing as an effective means of developing prt)b- 
lem-solving skills^A portidn of a typical problem-sblvihg application related'to air pollution is shown 
in Figure 2.-22. This unit, called "The Automobile and Air Poll^tidn," is designed to allow stu- 
dents to focus on a problem simply at first and then to .use more and more complex problem- 
solving skills as they wbric their way through the series of exercises. 

Student-written probleni-sdlving computer game;s are a popular learning device. Typical are 
hide-and-seek games, in which the user tries to guess where a |3layer is hiding in a mathematically 
numbered Jrid. For example, in a l O by: 10 grid, the computer mi^t '*hide"' the player at the 
point (4, 7) as shown in Figure 2-23. The user enters different grid points by number and, as 
hints are gven about how far off the last guess was, the guess' must be refined in the effort to 
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Name 



Class/Section 



Program Used: FACTRT 



y^ppllcatton 2; Aiding Calcuiations ... 

At times you may be working on pn^iems involving trinomials of the form 
ax^ 4> bx c In which complicated factorizations arise. Ifi these instances, 
FACTRI can be u^ed to obtain the factorizations. 

Example , 

At your desk: \ Work put the following problem until you have ar ex- 
pression which ^.i6eds to be factored. 

A_ rectongiUar swimming pool has a length 
which is twice its _width,_ The pool is to 
be surrounded by a boardwalk 4 feet wide. 
The total area_covered is to be 12474 _ 
square feet. Find the dimensions of the 
pool. 

Vbu may wajit to draw a diagram to help you visualize the problem 

situation.' ' » ^ 

V _. '_" ' 

At the terminal: Use^ FACTRI to obtain the factprtzatiqfr ydU need to 

solve the problem. ' 

At vour desk ; Solve the problem, using the space below for your wbrR. 




Figure 2-1 7a^ Sampie student materials for Project REACT's mathematics unit based on program 
FACTRI. Above, student worksheet. 
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Tho program FACTRI gives tte factor- 
izations for trinoniiats of ttie foim 
ax^ .+ Bu c M IdentlfloB fliosc fri- 
iioiiiialB glvoi^Oiat an hot factorable. 



1. Mae oii-lihe coraecttdhs atyd call up the pr^ram FACTRI accoitiln| to ' 
the Inetructlons appropriate for your machine. (Remember to return the 
carriaie ajler each of your entrieB bo the computer can accept the nexi 
entry or proceed witli the program,) 

2. The PWP^ will h«gtajv^^a^ many expresslona 
•you wish to faiftor. (Enter tho appropriate number.) 

alon you want factored. For each_e5W88ion^ three coefficients 
a, br und c on ^ line, ..using commas to separate them. 

Exampte To factor the two expreislons -.9 and + 5x + 6, 
you would make the responses underlined below: 



HOW HANY rXPRESJIOmS DO YOU WISH TO FACTOR? 

m m immi im values m ai b and-Ci 

USiNO-COHNAS TO SEPARATE THEN. 



(Note: . RemeiiiBer the fliree vfliiee must be entered for each expreaBlon, 
even if m of the vailuesis O.j 

----- 1 

ilter tHe-ni'^liiifi been completed, ti^ program wiii'wk ilf you i»t to 
ractor additional rrtnomlaifi. If bo, type 'YES^ 'anJ proceed as In steps 
2 - 4. _If r.ol|ltype "NO" and the program will conclude, 



PBOGRAM SAMPLE HUN (FACTRI) 



TKii mioiA via^ACTOH A mrnin of ih! pom 
Kon KANT mmm do you viiii to rActOKt. 

rOlfi^lNdNtAL WTtll . 
^jmmi TO'lffAIUTI TKIM. 




t «MiiaOiio 



THI PACIOIt OP XII _vy4 AKii 
it * I) (X - 8) 



m fiCtOKi oP iDUi • iix 4 m mi ^ 

I (Xi| • 4lX « II) 



riii PACTORi or-M«xri ^ m * i m 

9 UiXtl^HtX ♦ 1) 



THi PACtOfti OMKiX^ AMI 
-10 (9lXtl « MX - 1) 



l«Xt| OtX M CAN NOT II PACTORIO* 



00 Yoo iftift fo PAcm Mill inifiiiALit 



Figure 2-17c. Sample program ran from FACTRI student materials. 



Figure 2-17b. Sample program instructions from FACTRI student materials. 
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Name 

C 1 ass/Sec tlon 

)^ogram Used: FACTRI 



Appllcatioh 3 - neneratln^ Rj^gearch Patar 

It would bd hlce ir you could "ju at look" at n trthomral expreaslon lUce 
x2 - 9xr - 360r2 and, with v-iry Httl_e trouble, know whether or not it can 
be factored. Is Olere same relationship between the coeWclents a, b, and 
c, or any two of these, which JWould be a major clue to the 'factorablUty" 
of trinomial expressions? FACTRI can help you to research quenttons like 
this. , 

Example 

At the terriln&U Csing program PACTRI, Input the coefficients a, b, 
and c of Qie fbIIo»-ihg tfinomlalis: 



Trinomial 


Enter 


for I 




(I) 


+ 4x - 12 


I, 


4. 


-12 




x2 - 5x - C6 


I, 


-5, 


-36 


(3) 


6x2 - 7x - 2 


6. 


-7. 


-2 


(4) 


Cx^ + lix ^• 7 


6, 


U, 


7 


(5) 


2x^ »■ 9x - 18 


2, 


9. 


-18 


(6) 


9x2 _ 9^ . 4 


9. 


-9. 


-4 


(7) 


Gx^ + 22x + 14 


6, 


22, 


14 


(8j 


x2 + X - 12 


1, 


1. 


-;2 


(9) 


x2 - 4x - 14 - 


1, 


-4, 


-14 


(lb) 


3x2 19 4 6 


3. 


19. 


6 



At your desk^ Uabig the data generated above, ex^wine the coefficients 
a. b, and c for the_ expressions which can be factored and for those 
J which cannot be factored- 

(1) Are_ there any relationships betwera the trt^^ 

whlclL lndlcate v^ether or not a trtnpmLal.qan Jbe factored? 
Record your hunches here and test them out by using FACTRI 



Figure 2-18. Sample worksheet illustrating "discovery" guidancie. 
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riNAVCIAU PROBLEMS 

THIS PROGRAM SOLVES THREE TYPES Or PROBUEHSt 

(t) iNtEilEST ON INSTALLMENT BirVING 
<8> PATNENTS ON LOVG TERM L9AV 
f3> BALANCE Or A SAVINGS ACCOUNT 

WHICH PROBLEM WtJLD TOO LIKE TO WORK WITH CTTPE !# J? OR ^>?JL, 



THIS SECTION WILL DETERMINE THE ACTUAL INTFREST TO IT PAY 
^HCN YOU PURCHASE SOMETHING ON CREDIT. 

WHAT IS THE cASH PRICE Or THE ARTICLE CS 97 88. 99 
DOWN PAYMENT Cf )7 10 

NUMBER or PAYMENTS EXCLUDING THE DOWN PAYMENT? 18 
NUHSER OF PAYMENTS PER M0NTH7 I 
AMOUNT PER PAYMlENT CS)74.85 



THE RATE OF INTEREST CHARGED WAS 5*69 PERCENT* 



WOULD YOU LIKE TO RUN THK PROnHAM AGAIN CI -YES* 0-N0)7J^ 
WHICH PROBLEM WOULD YOU LIKE TO WORK WITH CTYPE 1# 2 OR 3)7^ 



THIS SECTION WILL DETERMINE PAYMENTS FOR A LONG TERM LOAN* 

WHAT IS THE AMOUNT BORHDWED. C S 17 3000 _ 

INTEREST CHARGED i«>7A _ _ 

INTERVAL .BETWEEN PAYMENTS <W0VTHS}7J_ 
TERM OF THE LOAN CYEARS)7JL 



00 YOU WISH TO SEE_ THE TOTALS ONLY 
TABLE - C1*YES# b-Nb>rO_. 

OUTSTANDING 
PRINCIPAL AT 



INSTEAD OF THF ENTI RK 



PRINCIPAL 





BEGINNING 


INTEREST DUE AT 


REPAID 


PERIOD 


OF PERIOD 


END OP PERIOD 


FNb OF 


1 


3000 -- 


ao 


8,40.97 


8 


8759.03 


1 8« 39 


848* S8 


3 


8516*45 


16*78 


844.19 


4 


8878*86 


15*15 


845.88 


5 


8086*44 


13*51 


847.46 


6 


1778*98 


11*8^ 


849*11 


7 


1589*87 


10*8 


a^o*77 


8 


1879* 1 


8.53 


858.44 


9 


1086*66 


6*84 


854. 13 


Id 


778.53 


5» 15 


855.88 


11 


516*7t 


3*44 


857. S3 


18 


859*18 


1* 73 


1^59.84 










TOTALS 




131.53 


3000 



YOUR MONTHLY PAYMENT IS % 860.97 



AND TOTALS % 3131* 




Figure 2-19^ Sample interaction with busineiss problem-solving program BANK, available from 
Minnesota Educational Computing Consortium: 
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PROGRAM SAMPLE RUNS (FRAOEC) 

Run 1 

THIS PROORj^M WILL -COMPOTE THE. DECIMAL REPRESENTATIONS 
OF RATIONAL NUMBERS THAT ARE IN FRACTIONAL FORM. 

HOW MANY RATIONAL NUMBERS DO YOU WANT TO CONVERT? 
VOW MANY DECIMAL PLACES DO YOU WANT? 

T ie . ' - 

ENTER THE RATIONAL NUMBERS* ONE TQ A LINE* BY TYPING 
THE NQMERATORi A COMMA* AND THE DENOMINATOR, 

T3*S. 
? 65*5A 

T.AiLL 



RATIOJJAL 
NUMBER 



DEClMfiL 

REPRESENTATION 



3 / 5 ■ .6 

<55 / 54 - 1.803703703703 
6/7 - •S57142857M8 



DQ YOU WANT TO MAKE A NEW RUNT 
TYES 



Run 2 



HOW MANY RATIONAL NUWBEP.S DO YOU WANT Tv") CONVERTT 

12- 

HOW MANY DECIMAL PLACES DO YOU WANTT 



ENTER THE RATI 0NAL_NUMBE8S* ONE TO A LINE, BY TYPING 
THE NOMERATORi A COMMAi AND THE DENOMINATOR. 



?JB4S*S43_ 



\ 



Figure 2-25. Sample run of a problem-solving program, FRADEC. from student materials to REACTs 
"Fractions to Decimals" unit. 
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E^Cm Urlinea, a little known but aflbltloUB "flcheduled" conraiter 
Barvloe, listB tha following direct flights i 
EichelbaigartoHn to Salladaabung 
Elchel^igartoRii to KlngeiBtown 
achelbcrgertovn to ♦ Uckawaxen 



A/^rimirot the m^isS^7{M^i^ ZA pSfi'^tl^) 
the let poKer to the nth pcwrt where n is the nuaber of cities 
(aiiS therefore the nuinbgr of row (or coiuana) In the isinaiy matrix A)i 
[If you don^t reaenber how to add inatrlcea, m through the nodule 
"EUJiSyrARy MATm OPERATION ' 
.In the inatheiiiticai notation thie is 



where 3 ifl obtained by adding the matrices on the right. The entries 
In the sUMiation matrix are the total number of paths of any length 
(1 to n) connecting any two toKiis. 

MI£HS TOH MMOT SOIMON 

mmi 

yrlte a computer piograia which finds the number of different waya 
in which a person can fly from a given starting city to each of the 
other cities (iricludlhg the starting city) via EAGIE Airlines. 

On page B we will show a flow chart describing one solution of this 
problemi on page 9 a listing of a BASIC ppm that Implements this flow 
chart Is given. This progrBW..doe8 jot use the matrix fur*tlons avaikble in 
Ifi most versbnfl of BASIC in order to show you how a professional 'programmer 
m anipulates natrlcea. 



Figure 2-21. Sample student material from ^^Communication Matrices/* 
available froiri Project SOLO. 



ExmasEi ^ mmtnimm-trofcin 

Sow miiy Mtmoittis wM you ixpeii to-jini in our mBhlM mf 
llotmny iuttimbB wiU you fxpict (6 find mrilng dt sm Mriry 
Urn? You wfl/ Mvt 'to mk ms mfnptJm to mh ym Mm, 
Be m and Mt tkse mmptlohs expMtli Compsife your omip' 
/fom to We of otkr sMentS' ^o your mptioris stsind up we/I un&r 
close mmlnatm} 

^9^MMMttjMMi the nurnbcr of cys^we wiji stru^^^^ pyrfint model 
Ut..Pstandio^the number of cubic |cet of pojlutants al any time,.! for the ombff 
of cubic feci.of pollutants product per hour by each car, and N for thcnumbcr of 
can operating at any given time; The simplest model we could construct woQid be 



'Pncw^Pold+(R)(N). 



(I) 



Pnewi^^hc amount.of pollutants at the end of any hour Fold is the amount at the 
enddfthepre^oushour. , 



Initially, let's concenti^te solely on carbon monoxide pollution. This pis Taiily. 
stable and quite persistent, We will need some concentrations and their effects to 
use in the exercises. A carbon monoxide concentration of 1000 parts carbon mon* 
oxide tojine mijlb ^r (ai)brtv|atcd 1 000 ppm) is. iuiticlent to prbdu^^ 
cpnsciousneMini 

forjndustnal wojkersfor an eightter working of 
from 25. IQ 50 ppm will be experienced inside .an automobile moving in a heavy 
stream of traffic In a multilane highway or freeway. 

EXERClSE2-ASl!npkM 

Wteii MSiCproim to compute undprlnl.oul theimber(rfMkM 
of mhommM tn onrresidmM ma every hourjora24'hQur pmi 
Ame Ml at ?Sf4^xfti/i/Vig te & wombonmoimide in the nir, Use 
the /li/wJcr of cirrmiiii Mcfi ym eWmd in fete t Ttie mrhon 
nmoxide proiucilon rite per car can be Mined from Tabte 1 



EXERCISE 3 - Computing ConcentrMoivi 

Modify the program In Exercise 2 tojmt out the cario^ 




Figure 2-22. Sample student materials from problem-solving unit ''Th?i Auto- 
mobile and Air Pollution,'' available from Hewlett-Packard; 



54 



INSTRUCTIONAL USES OF THE COMPUTER 



9 
8 
7 
6 

5, 
4 
3 
2 
1 

0123456789 
Figure 2-23. Sample grid for a hide-and-seek game. 



locate the hidden player. The games can be structured very simply, as is the case with the follow- 
ing sample interaction, or they can become very complicated. 



DO YOU VANT TO SEE THE RULES? YES 



A PLAYEB IS HIDING IN ft 10 BY 10 GRIDi TRY TO 
FINDHIMBY GUESSING HIS GRlDPOINt. HOMEBASE IS 

GRIDPOINT 6#0 AND A GUESS IS A PAIR OF WHOtE _ 

NUMBERS CO TO 9 > SEPARATED BY A COMMAi THE FIRST 

NIW8EB_IS THJB Dj STANCE TO _THE RIGHT 6 

AND THE SECOND NUMBER IS THE DISTANCE ABOVE THE 

HOMEBASE. FOR EXAMPLE* IF YOU THINK THE PLAYER 

I S H I b IN 0 8 UNITS TQ THE BUSHt 0 F HOMEBASE AND 

3 3NITS ABOVE HOMEBASE* THEN ENTER 8*3 AS YOUR 

GUESS AND PRESS THE •RETURN* KEY. 

YOU GET 5 GUESSES. AFTER EACH GUESS* I WILL 
TELL^bU_HOV FAR (IN A DIRECT LINE) YOU ARE FROM 
THE PLAYERi 



PLAYER IS HIDING. YOU GET 5 



GUESSES. 



WHAT IS YOUR GUESS? 7*6 

YOU ARE 4.4 UNITS FFOM THE PLAYER. 

MHAT IS YOUR GUESS? 5*3 

YOU ARE 1 UNITS FROM THE PLAYER. 

WHAT IS YOim GUESS? 4* 2 _ 

YOU ARE I UNITS FROM THE PLAYER. 



WHAT IS YOUR GUESS? 5* 2 

YOU POUID HIM IN A GUESSES! It 




Figure 2-24. Sample interaction with a hide-and-seek game written as a step in mastering mathe- 
matical concepts. 
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Two types of learning are possible here. The students who use the program (play the game) 
learn that if they apply some principles about triangles they can find the hidden player faster; But 
students who write the program must not only have a clear understanding of those same princi- 
ples, but must thorou^ly understand and apply the "distance fdrmuia"-an important formula in 
algebra based on the Pythagorean theorem. The problem solved by the student who writes the 
program is simply this: write a program which v/ill tell a user hb\y far a given point (the user's 
guess) is from a randomly selected point (the hiddein player) in a 10 by IG ©4d. 

Simulations and Simulation/Games 

©ne of the most exciting and promising uses of the computer to enhance classroom instruc- 
tion is for instructional simulations and games. This approach includes pure simulations and 
simulation/games. Initially, we can distinguish between the two in the foliowing way: 

Simutations are operating models of physical or social situations. The word model when 
used in the eonjext of simulation, means two things. First, it means a framework in which the 
reality being represented is reduced in size until it reaches manageable proportions. Second, it 
means a framework in which only certain aspects of the real thing are chosen for inclusion; in 
other v/brds, reality is simplified. 

While simulations give a simplified picture of real physical or social systems, they neverthe- 
less attempt to replicate essential aspects of these spheres of reality so th'at the reality may be 
better understood and/or controlled. The degree to which the designer selects essential elements 
from reality determines how closely or completely the reality is simulated. * 

Games can be defined as competitive interactions among participants to achieve specified 
goals. Often highly motivational for students, they are usually played for entertainment and 
clearly identify winners and losers; success depends on skill or chance or some combination of the 
two. Games need not attempt to replicate real-world behavior— rules of behavior need apply to 
the game only. 

From these two ideas-simulation to represent elements of reality and gaming to motivate- 
have developed a variety of poweirful learning contexts commonly known as educational simu- 
lation/games, which present a real-world model within a game-playing context. 
In the social studies, pure simulation as well as simulation/games can allow students to ex- 
plore and discover cause-and-effect relationships, develop and try out strategies, and learn how a 
social, economic or political system operates. By participating in a simulation or game, students 
develop both a better understanding of how systems ojDerate and a respect for the complex 
interplay of variables in social systems. 

Following are sample interactions with programs which simulate an election systein, a sys- 
tem of socioeconomic influences on crime rates, and a system of international balance of pay- 
merits. As you read through the typical interaction shown for each, notice the kinds and number 
of things the user can manipulate and the kinds and ranges of the (simulated) results. Also notice 
which programs appear to be the more formal simulations and which have incorporated some 
characteristics of a game program. 

In the sciences, computer simulations can allow for simulating experiments that could hot 
be conducted otherwise because there would be danger or expense, or the required equipment or 
facilities were impossible to obtain, or the time scales involved were too short or too long for 
analysis in the school setting. Two typical examples of computer-enhanced simulations in the sci- 
ences follow. The first is of a simulated experiment with radioactive decay. The second is a 
computer-simulated genetics experiment which would involve facilities normally difficult to get 
as well as a ti^e span that is too long for the typical school laboratory. 
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£1.ECT2 

HISTORICAL n-ECTIONS - 20TH CEWTtTRr 
NEED INSTRUCTIONS? VES 

YOUR OpIH- WItL BE TO CHOOSE THE OPTIMOM STRATEGY. FOR 

CANDIDATES IN AN HISTORICAL ELECTION. EACH CANDIDATE'S 
STRAVMY: yECTOS^ CONSISTS OF 3 NUMBERS. THE FIRST REPRESENTS 
THE AMOUNT OF EMPHASIS TQ_ BE PLACED ON THE CANDIDATE'S 
IKA6E# THE SECOND REPRESENTS THE AMOUNT OF_EttPHASIS_ON PARTY 
AFFlLIAtldN# AND THE THIRD IS THE AMOUNT OF EMPHASIS ON _ 
CAMPAIGN ISSUES* EACH OF THESE NUMBERS IS BETWEEN 10 AMD 80# 
WITH A Hl6HEB_NUMBEH_HEPBESiNTtNG MORE EMPHASIS. THE TOTAL 
OF EACH STRATEGY VECTOR MUST EQUAL 1001 

THE COMPUTER WILL FIRST ASK •ELECTION YEAR?' 
CHOOSE THE YEAB F»3M THE FOLLOWING LIST! 
1990 1928 1932 1948 1952 I960 1968 



ELECTION VEAR74948_ 



CANDIDATE 

TRUMAN 

DEWEY 



PARTY 
DEMOCRAT 
REPaBLlCAN 




TRaMAN7^fi2.&££J^ 
DEWEY? 5O#a0#30 



THE RESULT OF YOUR STRATEGY I:'.' 
TRUMAN 5Ii25 X 

DEWEY 48.75 X 



VOTE FOR THE TWO MAOJR CAND- TEi; IN TH^ ACTUAL ELECTION WASf 
TRUMAN 52i40 X 

DEWEY _ 4t»60 X _ 



Figure 2-25. Sample interaction witii simulation pro*';ri:?n iStE' T2, available from Digital Equipment 
Corporation. 
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ERIC 



CRIHEX 

00 tOU MPj::t IN5TRUCTlONS7JfES 



THIS PROGRAM SIMULATES CRIME IN A TYPlCAt CITY WITH FlVF 
PRECINCTS. YOU MAY CHAWHE COVDltlOVS IW THK PRlrCI^ICTS TO 
TRY TO REDUCE CRIME RATES* TO STOP THE PROGRAM* F^TFR 
THE WORD DO>JE IN ANSWER TO AVY OUEStlON. 

to YOU WANT TO OMIT UNEXPECTED EVENTST YRS 
INITIAL CRIME RATE (PER 100>000 PEOPtE> 

PRECIt'lCT 



DO YOU WANT TO CHANGE THE; VALUE OF ANY OF THE CO VDI Tnv 




ENTER PRECINCT* ITEM NUMBER SND NEB OALUE*^ FOB_EXfiMPtE IF Y^U 

WANT TO INCREASE THE NUMBER OF POLICF IV PHEClvCT-3 TO A _ 
TOTAL OF 840# YOU VJOULD ENTER 3#5#S<I0 AFTER THE QUESTION 
MARK is PRINTED* WHEN YOU HAVE NO MOrtE CHANGES TO MAKE* 
ENTER, _0#0#0 

7q»0y^ 

CRIME BATE - END YEAR • 
WHICH PRECINCTST^LV 

1 

r 

% 

VIOLENT CRIMES 73 
NON-VIOLENT CRlMSr 



_ PRECINCT 
2 3 



47 
261 



35 



33 
212 



202 



CITY 



-- 


t 


2 


3 


4 


S 




VIOLENT CRIMES 


69 


45 


31 


30 




/J 1 .0 


MON*VlOLENT CRIMES 


294 


256 




208 


199 


234. «5 


DO YOU WANT THE CURRENT 


PROFILE 


OF OTHER 


C0NDTT10NS7YES 






1 - PER CAPITA INCOME 


2600 


3700 


3950 


4130 


4400 


37^6 


2 - UNEMPLOYMENT RATE 


13*0 


11.0 


6.0 


6.0 


4.0 


p. T 


3 - GENERAL UPKEEP 


1 


2 


2 


3 


4 


P. /) 


4i - POPULATION 


179000 


128000 


100000 


8AP00 


61000 


sssonn 


5 - NUMBER OF POLICE 


35S 


282 


240 


20f> 


1S9 


1241 


6 • TRAINING LEVEL 


2 


3 


3 




4 




7 - PRE-TRIAL BAIL 


80 


80 


HO 


90 


9S 


^•r. , n 


8 - SENTENCING 


12 


9 


7 


3 




6. « 



CITY 



44.4 
239. ^ 



Figure 2-26: Sample interacaon -^'nl ' -ic i./tion, CRIMEX, developed by t;. Northwest 
Regional Educational J aborat(>»r'* 



BALPAY 

to YOU VANT A btSCRXPTION OF THIS GAMt7XE| 



THIS COMPUTER PROGRAM IS A DECISIOPI MAKIWO GAME. 

YOUR PART THE GAME IS THAT OF DECISION MAKER 

FOR THE COWITRY. ASSUME THAT THE OOWTBY IS CURRENTLY 
IN A VERY POOR BALMIC£ OF PAYMENTS-PaSJTIOM.- YttOR 
OBJiCTIVE IS TO MAKE DECISIOMS THAT-Wltt-GIVE THE 
CblWTRY A HSiU.tHY BI^.«MCE OF PAYMENTS POSITION WITHIN A 

BALANCE STATEMENT IN MILLIONS OF DOLLARS - YEAR 0 



YKARS- 



INFt^OVS' 

EXTORTS GOODS « SERVICES 

EXPENDITURES-F0REII»I TOURIST 
INCOME INVESTMENT 



% 19 073 
S 2 153 
S 902 



NET INFLOW 
OUTFLOWS 



S 28128 



IMPORTS 


GOaOS « SERVICES 


% 


IP 


271 


EXPDHDITUHES TOURI STS ABROAD 


% 


I 


610 


FOREIGN. AID 


« MILITARY AID 


% 


4 


745 


INVESTMENTS 


FOREIGN 


% 


2 


375 


NET OUTFLOW 


S 27001 








NET SURPLUS 


OR DEFICIT/NET INTFLOV 


-.23 



AS YOU CAN SEE FOR t HE StAtEMEWt ABOVE* OUTFLOWS 
EXCEED INFLOWS BY A SUBStANTlAL AMOtlNti YOUR COUNTRY 
IS IN A SERIOUS DEFICIT POSITION* SHOULD THE DEFICIT 
CONTINUE FOR LONG# YOUR COtNTRY*S GOLD RESERVES VdtjLb 
BE DEPLETED. ALSO TOO MUCH OF YOUR COUNTRY'S RESOURCES 
AND PRODUCTION ARE PROBABLY BEING SE9«T OUT OF THE; COUNTRY 

roR_THE_PURPOSES_OF_THIS GAME* A •HEALTHY' BALANCE OF 
PAYMENTS POSITION IS DEFINED AS ONE IN WHICH THE VALUE 

THE_RATIO* 'NET SURPLUS OF DEFICIT/VET INFLOW' IS 
BETWEEN THE VALUES OF -•03 _ __ ^0 ..03 . NOTICE 

THAT |HE CURRENT VALUE OF THIS RATIO IS --^3 

THEfit HAS_BEEN A BEVOLUTION IN PEHU* THE_MEB __ 
GOVERNMENT HAS TAKEN OVER iUit OF THEV CONTROLLED 
BY FOREI GN INVESTORS. ALJSO HARSH_ RESTRI CTIONS HAVE BKFV 
IMPOSED ON IMPORTS FROM YOUR COUNTRY- 

■7 

ENTER YOUR POLICY DECISIONS FOR YEAR 1 

WHAT PERC^T CHANGE DO YOU WISH 
IN TAXES ON I M VESTMENTS ABROAPrSi 
IN THE TARIFF RATE? 4^5^ 
IN GOVERNMENT SPENDING ABROAD?::^ 
IN tHE PRIME INTEREST RATE? . 5 



BALANCE STATEMENT 
INFLOWS 



YEAR ! 



EXPORTS 

EXPENDITURES 

INCOME 



S 18 209 
S 2 133 
S 866 



NET If^OW S 21208 



OUTFLOWS 

IMPORTS. 
EXPENDITURES 
FOREIGN. AID 
INVESTMENTS 

NET OUTFLOW 
S DIFFERENCE 
% DIFFERENCE 



S 15 502 

S 1 5SS 

S 4 646 

S 1 888 

^_|3591- 
-2383 
-• 12 




•- - /' 



Figure 2-27. Sample interaction \yith economics simulation available from Tecnica Education Corp. 
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DECA Y2—f^adioactive Decay Simulation 



DCCAYS 



DO YOU WAMT INSTRUCTIONS (l-YES* 0-NO) 
THIS PitdGRiM WILL |jd THE-TOULO VlBIOi- 



I T 1 



CHOICE 1 - CAtCOUATES HACF^tirS FROH TUO READIMPS 

ON A 0EIR5R_Cf)!WTP«. 
CHOICE 2 - CALCULATfES HOV MUCH OF A RADIOACTIVE SAMPLE 

ViLL REMAIN AFTER-SOME GIVEN AHOWt OF ttMF 

CHOICE 3 - PRINTS OUT- fl TSBCE SHOSIM/^ MASS GF_SfiMPCR 
PVS» TIME OR NO. ^F PARTI CL'^S.VS. TIHE- 
(GRAPH OPTIONAL) NOTEl FOR THE TABLE YOU 
MUSjr INPUT tOtAL TIME AND TIME INCREMENT. 
-EXAHJ^Ce^ IF TOTAL TIME- 100- AND^TIME 
IUCHEMEMTpIO^ then time in the table VILL 

BE 1G«20« 30^ » . . .' ..#100. 

CHOICE 4 - DID OF PROChAM 

NOXEJ -IH WY-OBIE- PR0BLEM#TINE MOST - 
ALWAYS BE IMPUTED IN THE SAME UNITS 
OF MEASURE (lEs SECS.^MINS. « ETC. > 



WHAT IS YOUR CHDICETJ^ 

WHAT IS THE INITIAL READING ON THE QEIQER COUNTER^- 
-THE SECOND READINQ# AMD THE^tME BETWEEN READINGS. 
T J5C0#3000#36 \ 



INITIAL READING* 1500 
HALF-LIFE- 35.9976 



SECOND READING 3000 



TIME* 36 



WHAT is YbUR'CHdlCiEr7 3_^ 

DO YOU WANT TO^WOBK WITH PARTICLES OH MASS? (ANSWER I "fDR 
PARTICLES OR 2 FOR MASS) ?t 

-i . ■ 

WHAT IS THE HALF-^LIFE# INITIAL NUMBER OF PARTICLES IN THE 
SAMPLE*^ TOTAL .ELAPSED- TIME FOR DECAY* AMD THE 
INCREMENT OF ELAPSED TIME? 10* 6.0gE23* 100# 10 



HALF-LIFE- 10 INITIAL NO. OF PARTICLES- 
TOTAL TIME- 100 INCRBlBNTi 10 



TIME 



0 

. id 

20 

90 
iOO 



PARTICLES 



6*Q2000Et23 
3.pI0l4E<*>23 
1*S0514E^23 

l»i7628E4-2i 
5.86I68E^20 



PART.\ LOSS 



5? 



6.02000E'*>23 

TOTAL P?BT« UQSS 



3.00966E±23 
1. 50S00E'*-23 



1. 17617E'»21 
5.681 12E^2b 



3.0098eEte3 
4.S1486E^23 



6.pp624E'*-23 
6*014 12E'*>23 



DO YOU WANT THE ABOVE DATA GRAPHED? (l-YES, 0-NO)?J^ 

M'^SS (OR PARTICLES) REMAlNifVG 

_ 0 
6.02000C^23 
TIME 

0 
10 
80 
30 
4b 




Figure 2-28: Sample interaction with science simulation, DECAY2, available from TeCnica Education 



Corp. 
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CHOOSEJ 

li C0HFtETE_D0i4iMAMCE_ 

2i ALLOWANCE FOft OTHER GEMETIC IMTERACTIOfIS 

BWTEBTHE MHMBEBaF THe_OPTIOV FOR WHICH YOO WISH 
TO SEE THE EXPECTED-DI STRIBOTION OF OFFSPRIMG 

S« THE MTH QEMERATIOW 

2* EVERY MTH GEMEHATIOV 

7 X 

WHAT IS. THE ^ALUE OF W7 t 

WITH WHAT SPECIES WILL YOU BE WORKINGt^aSi- 

HOW MANY PHENOTYPE CHARACTERISTICS WILL BE INVOLVED?^ 



WHAT IS CHACTERISTIC X 



WHAT Ot^E WORD SPECIFIES THE CHARACTERISTIC 
n FOR THE FIRST PARENT? BLAG^ 
8) FOR THE SECOND PARENT7 BLWP 

• * 

« '• ■ m 

BWfTER THE TRANSMISSIOW PBOBABlLitirs UNDER THE 
APPROPRIATE COLUMN HEADINGS CYOU MUST SPACE 
AND n.ACE P COMMA BETWEEN ENTRIES ON A LINE) 

, CHARACTERISTIC ^ I 
HAIR COLOR 



CROSS 
BLACK 



CHARACTERISTIC OF QFFSPRING 



BLACK BLOND 
BLOND 7»75« 'IS^ 

• • • 

•WHAT IS THE- EXPECTED NUMBER OF OFFSPniNG 
FOH EACH P4IR OF PARENTS? 4£_ 

THE EXPECTED DISTRIBUTION OF OFFSPRING AMONG 
THE POSSIBLE COMBINATIONS OF PHENOTYPE tRAItS 
FOR THE SPECIES* MAN 



GETJERATXON t 
NEW OFFSPRlNGn 12 



OTHER 
. 10 



COMB. 
NUMB. 




BLACK 
BLACK 
BLACK 
BLACK 
BLACK 
il 



PHENOTYPE TRAITS 




OF 


OFFSPRING 


I 


COLOR EYE COLOR 


NOSE 


FEET 


: BROWN 


STRAIGHT 


LARGE 


: BROWN 


STRAl GHT 


SMALL 


BROWN 


STRAIGHT 


OTHER 


BROWN 


PUG 


LARGJtr 


BROWN 


PUG 


SMALL 


BROWN 


-PUG 


CTHEg^ 



E)fP. 
PER* 



23 
9 
3 
f> 

2 

d 



EXP. 



3 
1 
0 
I 

r» 

0 



Figure 2-29; Sample interaction with genetics simulation, GENET, available from Tecnica Education 
'Corp. " "V 
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THE COMPUTER AS CALCULATOR 

Because of the computer's pppuiariy recognized speed and accuracy in perfdntiing complex cal- 
culations, it would seem that its most obvious role in education wbUld be as a calculator, just as it 
is in science, research, industry, and so on. In instruction, however, this use is really quite limited; 
its calculatibh capacities are typically coupled with other capabilities that result in the idnds of 
uses we have been discussing, which may calculate bat also do much else. 

At this point, the question might arise: But isn't the use of the computer cis a problem solver 
the same thing as its use as a calculator? It is trUe that the uses are similar; but there are two basic 
differences which allow Us to distinguish between these uses in a helpful way. First, a probiem- 
sblving program is often written bv a student for the purpose of mastering the underlying algo- 
rithm or mathematical concept; n contrast, formal calculator, programs are assumed to be' 
prerprepared or ''canned" specifically for straightforward calculational purposes, especially in 
areas where complexity and length make hand calculations impractical. Second, pfe-prepared 
problem-sblving programs are typically tailored for specific instructional purposes and include 
such special features for student use as particular formats of output of options ifor varying input 
and outputs to Jichjeve instructional goals; calculational programs, on the other hand, ^re ribr- 
mally as brief and economical as possible in their input and output features. Purely calculational 
programs, then, can be defined as thbse which simply calculate, solutions to mathematical prob- 
lems and are used primarily where highly complex calculations advise or require the assistance of 
electronic computation capabilities; As a result^ in the educational setting, the use of the com- 
puter strictly as a calculator is generally restricted to mathematics, science, business, and statistics 
courses, where highly complex calculations may be required which" are nbt the central focus of 
the subject. 

As an example of a calculator program, look at the printout in Figure 2-30 and compare it 

DATA -5? 1 QQ#96^97^94 *94>qU 88> 85> 34> 83> 83> B^* 79» 77 » 74i 74> 7A» 6S» 65 
MEAN « 74* 7692 

VAR ■ 357./I65 ; 
Sr » 18.9067 

!^JfV26 ___ __ _ _ _ _ :_ /_ _ 

r A ■79 l» 90#90i88#87j g 3f 8£p 8 g# 8 2 * 7 # 7 £; , G * 6 S-f^r6 ^ * J> $ ^- S6» 55# 5 4 

7?5?>4 8 <» 48#43 ^3el# 19 ' ' ' 
MEAN ■ 66. 5385 



VMR .1 .3^6. 738 




l itzur/- ^ 30: l'^\.:erpt froin an invtraciiar^usini; the conipuler strictly as a calculator. 
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to ihe problem-solving program printouts in Figures 2-1 7c and 2-19. These show that a calcula- 
tor program is typically a bare-answer producer, while a pre-prepared problem-sblvi 
may offer ihstructibrially advahtagedus dptigris and features in addition to solutions. ' 

iSften, it may not be clear which goai was the original intent df a program. In the school 
situation, such a program can probably serve in either role. 

The computer uses we have discussed to this point have used the computer as an active 
participant in the Instruction process, whether to help deliver instruction or to enhaace and sup- 
port instruction. These participatory categories can be illustrated on our diagram as in Figure 
2-31: • r . - 

The remaining two categories involve the computer not as a participant but as ah object to 
be studied by students and as a tool at the disposal of the teacher for storing and retrieving infor- 
mation, generating materials, and keeping recdrds. ~ 

Let's turn our attention now to these uses of the cdmputer in the school setting. 




Figure 2-31. Diagram showing, use;? of compnters which are active in instruction process. 
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Figure 2-32. Uses of the computer as an object of instruction and teacher's too!. 



THE COMPUTER AS AN OBJECT OF INSTRUGTIOISI 

When the computer is used as an object of instruction, we are teaching not with the cpmputef 
but ahout it. When the compQter made its first incursion into the classroom in the mid-1960s, it 
was primarily as an object which gifted mathematics and science students could learn to write 
programs for and run their own programs on.. Today, the frequency with which computer are 
encountered in the daily life of our society has required a much broader exposure to this tech- 
nology in schools at al! levels. 

Currently, there are thiee main approaches to the computer as an object of instruction, Fii^t, 

computer literacy courses deal with the nontechnical and low-technical aspects of the capabilities 
and limitations of computtefs; they usually pay special attention to the social, cultural, vocational, 
and educational implications of comp>uters. Second, comp>uter science and programir .ng courses 
generally teach students how the computer works and how to program for it. Finally, data pro- 
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cessing cburees instruct students in the basics df using the computer as a processor, including such 
skills as preparing data for computer processing and programming for business data processing. 

Computer Literacy 

Of these three approaches, the first usually involves the most indirect contact with comput- 
ers, though some exposure to computens at work and to computer use is ordinarily included. 
Computer literacy courses typically focus on the Impact of the computer on society, dealing with 
their abili'y to assist in solving social and economic problems arid their threat to privacy and indi- 
viduality. Other areas that might be included are the nature and implications 6f artificial intelli- 
gence, computer-related vocational opportunities, and use or creation of computer programs in 
diverse fields. 

Gourses in this field have been called for by riiany different groups arid individuals, since it 
has become apparent that there is a growing urgency to create a citizenry coriipeterit to under- 
stand the uses and problems of the technology in dei^ to be able to employ and con^ it 
intelligeritly. While increasing instructional use of computer-based units such as those of 
computer-assisted instruction (CAI) subject the student to the power of the computer, courses in 
computer literacy aim directly at equipping students with the understanding needed to be masters of 
the technology. 

Computer Science and Prbgrarhrirting 

The study of computer science and programming may be a part of the cUrricUluiri at riearly 
any level of education today. iEourees in computer science usually include a practical iritrbduc- 
tion to the computer as a machine, giving attention to the basics of how it operates, how to run 
program$ dri it, and how to write programs. These courses may be ^ven independently of mathe- 
matics, science, or buy^iess courses, or they may be associated with a related discipline in order 
to offer students more specialized and useful exposure to computer fugranlming. Separate 
courses in programming langiikges* are becoming increasingly available as students at higher levels 
of education make increasing use of computers. At the college level, the separate discipline of 
.computer science- is -well establis^TC arid offers a complete study of the computer for future pro- 
fessionals as well as for majors in the growing nuriiber qf discipliries which make use df cdrriputers. 

- Today, an increasing number of cbllegel5 and universities expects entering studerits to have 
computer programming skill along with the minimal requirements in language ajts and riiathe- 
rnatics. The trend, is-reflected in secondary schools, where computer science courses are increas^- 
irigly available. As iriexpensive microprocessors find their place in schools, more students- have an 
opportunity to develop actual software, probably in machine or assenibiy language, and to learn 
how to control a computer at a personal level. 

Data Processing 

As one of the most importarit uses df the computer today in nearly every field, data proces- 
sing has become the focus of special study offered in secondary schools arid colleges as well as in 
career-training schools, typically in the business education cUfriculurri. Courses drdiriarily iriclude 
practical training in keypunching (preparing data on a keypunch machine), romputer pperatiori, 
and/or programming for data processing operations. As opposed to a computer science coursS^ 
progranirtling trainirig for data processirig focuses less on the computer and its manipulation than 
on the business application itself. A student of computer science might develop complex sol'tware 

♦Several of these language , are discussed in Part I of this book. * 
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. to control the computer; a student of data processing, on the other hand, might develop a prd- 
' gram to process accounts receivable or keep track of inventory for a hypothetical shoe store. 
Other students, less interested in of capable of writing programs, might learn other skills, such as 
how to operate keypiii.ch machine, a card sorter or collater, or a computer. Often, these skills 
can lead directly :u or enhance the student's employability. 



THE COMPUTER AS INSTRUCTOR'S AIDE 

The cornpjfterasan instructor^s aide can provide an enormous amount of assistance to the teacher 
by ncrto-ming some of the noninstructional functions, freeing the teacher to spend inbre tiine 
vua caching: The three major areas in which the cdmputef can help are sorting and retrieving 
in^ornr- ion (information handling), helping to prepare or generate instructional materials (wofk- 
' «c * und tests), and helping the teacher manage! the instructional process. 

Information Storage and Retrieval 

Computers are vf.r, effective and efficient tools for storing and searching through large vol- 
umes of data for selt**^tivv! retrieval upon request. 

Although^ teachv^; r.j..:: -ely cons.Ut various sources for information in rhc process of 
planping and managing in^i:rccT;on, until recently they have had to find the needed infomatiori 
in catalogues of printed ar.u • '^nprinted rnaterials, bibliogfaphies, or student records, which has 
required tedious and time-corisumirig searching through files, libraries, and indexes, With the help 
of computers, teachers are beginning to enjoy the advantages of having such information accu- 
ravely and in , tan tly accessed and retrieved. ' - 

One of the mr^jor areas in which the computer is currently being Used to store and selectively 
retrieve large volu.nes of information is in counseling and guidance. A number of computer-based 
career planriirig arid occupational information systems have been developed and are in use to 
assist young peo) le in learning about present and future educational or career opportunities and 
make them aware of occupations they would find personally satisfying. The computerized infor- 
mation system aids the overburdened counselor by encouraging students engaged iri career ex- 
ploration and decision making to seek vocational iriforriiatiori on their own. Such a system not 
only stores and retrieves vast quantities of data, but sorts quickly through the data to find those 
which have certain characteristics prescribed by the student; and it brings together, compaies, 
and relates various bits of information, all during an interactive dialogue with the student: Stu- 
dents may explore occupations suiced to their own interests, values, and aptitudes and determine 
educational requirements foT these occupations. Some systems allow the student to explore a 
variety of available options of post-secondary education and training and to ask for information 
on available scholarships. 

One such system is the Guidance Information System (GIS), copyrighted by Time Share 
Corporation: It is described by the Minnesota Educational Computing Consortium as follows: 



Name: GIS 

Description: The Guidance Information System is a computerized information storage 
and retrieval system available on the MECC computer. GIS provides immediate 
access to information about occupations, 2-year colleges, 4-year colleges, voca- 
tional and technical schools and financial aid available in Minnesota aqd 'ihe 
nation. 
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Comments: The information is stored in five different data files. A brief description of 
each file follows: __ ^ 

COL4: The four-year college file (CdL4) contains information on more than 1,600 col- 
leges and universities in the U.S.A. The student may examine over 750 charac- 
teristics such as costs, financial aid, size and available majors. ■ 

COL2: The two-year college file (eOt2) contains information on approximately 1 ,000 
two-year community, technical and junior coHeges in the U:S. The student may 
examine over 400 characteristics related to these colleges; ^ 

OCCU: The occupation file (OCCU) contains information on more than 1 ,200 careers; 
The student may examine over 400 characteristics that include educational re- 
quirements, working conditions, salary ranges, future job prospects, perebhal in- 
terests and aptitudes. _ _ 

SCHO: The scholarship and financial aid file (SCHO) contains financial aid information 
from such sources as the federal government, foundations and other organizations. 
The Aid Programs are national in scope and require that students apply directly to 

thej'unding agency. ^ " 

VOCA : The vocational and technical school file (VOCA) contains information about 
vocational and technical edueatibri in Minnesota. , 
' UsinH the GlS Program: After obtaining the system library prog-arn (GIS) the user - 
must choose one of the five data files to be utilized. (GOL4, COL2, VOCA, OCCU, 
or SCHO). It is necessary to refer to a GIS Student Study Guide at thjs time in 
order to choose the appropriate characteristic and characteristic number to use in 
his search. Wben this number is entered along with a one-letter code the computer 
will respbnd v/i:;i the number of colleges (or schools, occupations, scholarships) 
that meet yowx search requirements: if less than 25 items are left in that data file 
as a result of the i,earch the user may printout those items and get additional 
iiiiormaJor: iK ,^ut therrt; otherwise, the search must be continued. 

Another example is the Oregon Career Ififormation System (CIS). Excerpts from a counsel- 
ing session using CIS are found in Figure 2-33 on the following pages. 

Materials Generatidri 

The capacity of the computer system to act as a "smart printing press" (combining fast 
printing with information retrieval) has been made available to teachers for the purpose -of gen- 
erating instructional materials. In this mode of computer use_, special materials^eheration pro- 
grams with access to extensive stored data allow teachers to specify the kinds of matenals needed; 
once the teacher's needs have bee_n entered, the computer proceeds to retrieve and print out 
materials to those specifications. The kinds of materials which cari be printed out range from 
tests and games to individuaiized worksheets and text materials. _ _ 

One example of a materials-generation system is ti^e Computer Based R--^ :)urce Unit (CBRU) 
developed h\ STJNY at Buffalo,_New York, which helps teachers create individuajized instruction 
matenals. For a:».' one of over 70 topics, the teacher may specify his objectives and the charac- 
teristiesB of the students. The CBRU system, then sca^c' , s through a bank of information and 
prints out appropriate instructional, activities, contenljtem'^ resources list£, and test items keyed 
to the objectives and to the learners. The system automatically includes si'ss^ to m&tch the 
profile of learner variables for each student as well as for the class as.a whoie. 



iNStRUCTiONAt USES OF THE COMPUTER 



; PUEASE ENTER YOUR VAME* THEM PINCH THE ' RETURW ' KEY. 

7 MARI LY^ ^^ 

HELLO NfARILYNf 

YOU ARE.LOGREP IM TO THE CAHEER.IVFQRMATIOM SYSTEM! 

USE IT AS MUCH AS YOU WANT, _ WHEN -YOU fiHE_THBOUGH# PLEASE 
TYPE IV 'STOP' SO YOU DO VOT WASTE COMPUTER TIME. 

NOVi HOHDO-YOU VANT TO START? 

IF YOU FILLED OUT THE QUEST lO'^'g At RE IV YO UP HANDBOOK, 

TYPE IMi 'QUEST. • , 
IP THERE ARE OCCUPATIONS, EDUCATIONAL PROHRAMS, 
OR SCHOOLS YOU WANt INFORMATION ABOUT, 
TYPE IN» 'INFO. ' 

? I N FO _ _ Ji 

THREE KINDS OF INFORMATION AfiESTOBED IN.THE COMPUTER t _ r I _ 
- - - OCCUPAT10N5l_ CaCAC* STATE>_ AMD NATIONAL LABOR MARKET 
INFORMATION THAT_ I S _ CONT INIDUSLY UPDATED. _ 

TYPE IN.'DESC' fiVD B^^-DI GI T OCCUPATION CODE 
1EXAMPLEI_DESC YO!) WAY ALSO FIND OCCtl- 

PATJONAL BIBLJTGRAPHIES (BIB>* VISITS (VISIT)* 
EXPLORERPOSTS CXPLOH)# AND WAYS 11 PREPARE FOR 
OCCUPATTONS (PREP). 



P^GRAMS OF STUDY AND TRAINING: TYPICAL 
tiOURSEWOHK AND LIST OF SCHOOLS. 

TYPE IN 'PROG' AMD A 3-DIGIT PROGRAM CODE 

EXAMPLE I PROn t3l 



SCHOOL*- 1 SERVICES AND COSTS OF SCHOOLS. 
Xy-'w: iiyj -SCH" 



YOU CAN FIND CODE LISTS IN YOUR HANDBOOK. 
7DESC 8^56 

VHIC^f AREA ARE YOU iNlt 

PORTLAND METROPOLITAN AREA? (TYPE IN: PORT) 
XID-WILLAmETTE area? (TYPE IN.* WILL) 
LANE COUNTY? (TYPE INl LANE) 
SOUTHERN OREGON? (TYPE INJ SO) 
CbOS-ClJRPY COUNTIES? (TYPE INt COOS) 
EASTERN OREGON? (TYPE TN I EAST) 
OT'fER AREA? (TYPE INr OTHER) 

?i.^WE; 

8456 EL.EMENTARY « SECONDARY TEACHERS 
ELEMENTARY /WD SECONDARY^^T PLAN XEACHI'ViG 

MATERIALS AND PJ?0 VIDE CLASSROOM INSTiiUCTlON TO STUDENTS. _ 
a.EMENTABY TEACHERS NORMALLY V0HK_W1TH ONE GROUP _OE_PUPJC S 

DURING. THE ENTIRE. SCHOOL DAY. -SECONDARY _I2aCHERS_USUALCY 

i^PECI AtlZE m THElB TEfiCHING SUBJECTS i_ SPEC t AL TIES. INCLUDE 
EDUCATING THE HANDICAPPED.. COACHING SPORTS, AND TEACHING VO- 



Figure 2-33, Sample interaction with CIS. 
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7PREP 8^00 

_8400 _ saciac sERyiCE iccDPsmMSj _ _ 

PERSONS -IV SOCreC.-SEKyiCE-OCCUPaTlOV& PBOyiDE DIRECT 
SERytCES TO PE'^PUE. THEIR PRIMARY- FtNCfnV IS_T0-EV- 
HSMCE THE PERSONAL PEUEl-OPMEMT OF IVDlVIDUAtS THROUGH 
TEACHING* COirJSELING* ETC. CAREER PREPARATION COllf-D IM- 
CLUbE THE FOLLOViNG HIGH SCHOOL SUBJECTSt 

ARITHMETIC COMPOSITION READING 

BIOLOGY POLITICAL SCIENCE SOCIOLOGY 

CHILD CARE PSYCHOLOGY SPEECH 

SOME HIGH SCHOOLS OFFER SPECIAF. COURSES IN THE PUBLIC 
SERVICE CLUSTER. ON THE OTHER HAND* STUDENTS MAY NEED TO 
CONSIDER POST-SECO-MDARY AND/OR ON-THE-J^B TRAINING. 



YQU CAN -LEARN MORE BY LOOKING AT THE DESCRIPTION FOR THESE 
OCCUPATIONSt 

541* COUNSELORS 
8416 CASEWORKERS 
8418 PSYCHOLOGISTS 



? v;iSIT g 4S^ 
_8456 ELEMENTARY « 
PERSON TO CONTACT: 
JAMES E. SHAW 
SECON PARY TEACHER 

PHONE t 34]2r56il 

SPEJ:iAt JNSTRUCIJONS 



SECONDARY TEACHERS 
FIRM NAMEJ 

MONROE JH. Hr SCHOOL 
2800 BAILEY LANE t 
EUGENE 

CALL EXT- 254 AND ARBANGETIME VITH SECRETARY 



WILL ALSO TALK TO GROUPS IN EUGENE/ SPRINGFIELD AREA 

YDU MAY CONTACT ANY PERSON ON THE _ VI SI 1_L I ST.^ EACH 
ONE HAS VOLUNTEERED TO DISCUSS HIS OR HER OCCUPATION. 
CTHIS IS NOT A REFERRAL TO A JOB INTERVIEW). 

7PH0G 236 
236 



SECONDARY EDUCATION 



MANY 4-YEAR COLLEGES -OEEER_PROGHAMS INTENDING TO 

PREPARE SECONDARY SCHOOL TEACHERS..- SOME-SCHOOL S_ALSO 

OFFER SPECIFIC COURSES FOR STUDENTS WANT^lNG TO SPECIAL IZE 
IN JUNIOR HIGH SCHOOL TEACHING. IN ADDITIONS SEVEHAL COMMIIN- 
ITY CdLLEGES OFFER ASSOCIATE DEGREE PROGRAMS INTENDING TO 
QUALIFY PEOPLE IN BUSINESS « INDUSTRY TO TEACH VOCATIONAL 
COURSES. COMPLETION OF. AN APPR;iVED SECONDARY EDUCATION 
BACHELOR'S DEGREE IS A PRE-REQUI S I TE FOR EARNlNa A BASIC 
TEACHING CERTIFICATE. TO TEACH 3EY0ND THREE YEARS REQUIRES 



Figure 2-33. continued. 



\ 



7y 



INSTRUCTIONAL USES OF THE COMPUTER 



69 



An example is shown in Figure 2-34 of an interaction with a worksheet generator program; 
Such programs may allow the user to specify a limited .mmber of characteristics for the instruc- 
tional materials, as In the example in Figure 2-34, where the nuipber and kinds of problems alone 
are specified; or they may allow ajnuch broadetiange of specifications in order to produce truly 
tailor-made worksheets for class'^lriBividuilized instruction. 

Test coristructiori is another area in which the computer has proved Itself a vereatlle and effi- 
cient materials generator: Using ah appropriate test-construction program, a teacher can readily 
obtain test printouts to use as final exarninations, exercises, achievement tests, or diagnostic aids. 

There are two basic types of test generator programs. Most general-purpose test-construction 
programs use ah appropriate 'Item bank" from which prewritten test items are selected according 
to the criteria specified by the teacher-subject matter, classifications within subject matter, key 
words, behavioral category (e:g^ knowledge, comprehension, application, analysis, synthesis, and 
evaluation), behavioral objectives, statistical characteristics, or item ''fficulty. Using sUch a pro- 
gram, tailor-made tests can be easily produced for class use or individual testing. 

Tests involving unique test items can also be generated. The programs require the teach- r to 
specify a model of a test item's structure and the rules for altering it; for example, a teacher 
might specify such a simple item model as: 



On a vacation trip of A miles. Sue drove B miles the first day. What percent of the total mileage did 
she drive on the first day? 

The rules for altering this modesl might be: 



generate values for A and B such that: 
>i is greater than j5 + 50; 
A is less than 4,000 miles; 

^ is greater than 50; . 
B is l^ss than 600: 

Once the model and rules have been entered, the typical unique-item cdnstructidri program 
will then produce a number of unique items, ail having the same format but with different vari- 
ables and different correct answers. Thus a teacher can design a single model with rules from 
which the computer can generate one-of-a-kind sets of exercises or a uniquely different exairi for 
each individual student and, at the same time, the teacher's answer key for each test. 

In addition to the above instructional materials, computer programs are being used to pro- 
duce other materials potentially useful for instruction— or recreation: "Computer Art," pictures 
of Snoopy or a pinup girl, calendars, dot-to-dot games, maps, or mazes. Figure 2-35 shows a 
sample run of the maze-generating prograin AMAZlN from the University of Oregon's PDP-10 
BASIC library: Can you think of a way such a program could be used to enhance instruction? 



Corriputer-Managed Instruction (CMI). 

The instructional roles the computer cari play In the classroom ordinarily rely on the teacher 
to keep track of student progress and to guide, test, and instruct between and around appropriate 
student-computer interactions. The computer itself, however, can be of additional help to the 
teacher by taking over some of these tasks; in fact, whenever individualized instruction is a serious 
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THIS PR0GRAM GS«ERATES_W0RKSKE£TS 0N PERIMETKR 

AMD AREA 0F_PARALL£L0 GRAMS AND TRAPEZOIDS* 

H0W MANY W0SKSHESTS Da yaU AfANT?__<35 IS_MAX«> _ 7_I_ 

H0V MANY PR0BtEMS 0N EACH WgRKSHEET? _ C tO _ IS MAX>- _7-2_ 

Y0U HAVE THE r0LL0VlNG CHOICES F0R UNITS 0F MEASUREMENT* 

1. INCHES . 

2i CENTIMETERS 

3. NONSTANDARD UNITS 
VHAT'S YBUR PLEASURE? 2- 

Y0U HAyE_THE F0LLaVlNG CHOICES FOR THE TYPE 0F PROBLEMSl 

1. ALt RECTANGLES -- 

2» PARALLELOGRAMS THAT ARE NOT RECTANGLES 
3. ALL_ TRAP Etia IDS 

4* A RANDOM. SELECTION OF THE ABOVE CHOICES 
WHAT'S YOUR PLEASURE? 4 

W0RKSKEET_/l 1 _FIND THE PERIMETER AND AREA 0F EACH FIGURE- 
USE A RULER MARKED IN CENTIMETERS T0 -HELP YOU* 




ilSVERS- W0WCSHEET 9 1 — 

THE U>;iT_0F_t>lSTANCE - THE' CENTIMETER.^ 

1 PERIMETER- 22.159213 AREA- 16.064480 

2 PER1MEStER« 24.804285 AREA- 24.085973 



TIME t 



•657 / I/O < 12 



u Figure 2-34. Sample interaction with worksheet generator, AIR, available from Minnesota 
Educational Computing Consortium. 
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THIS PROGRAM WILL DEilCT A MA^E FOB "TOU AMD TYPE IT 
OUT OM THE TELETYPE* THE COMPUTER THIMK3 OF A 
Nty MAZE EACH TIMEi 

WHAT ARE YOUR WIDTH AMD LEMRTH ? IS, 10 




Figure 2-3 S. Sample interaction with AMAZIN. Available from Minnesota Educational Computing 
Consortium. 



goal, a Computer-Managed Instruction (CMI) system Js virtually required. Such systems are de- 
signed spee.:rically to help teachers with the considerable number of record-keeping and clerical 
tasks involved when ins,tructibn is individualized. 

A variety of GMI systems ar^urrently vailable. All of them typically perform the basic 
tasks oP storing student records and profiles and using the information to help analyze student 
progress and direct the learning sequence. On the basis of test scores entered into the CMI system, 
for example, the student's perforrnance may be evaluated against previous data- and directions for 
further work may be giveil-either remedial, advanced, or corollary. Thus some of the routine 
kinds of work are taken over by the computer, and appropriate information is made available for 
teacher decision-making. , : 

Existing CMI systems range' from very simple to very comprehensive, and some incorporate 
other modes of computer use. At John Abbott College in Quebec, for example, a physical science 

•) ■ • 
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CMI system called Computer Generated Individaalized Problem Sets generates completely indi* 
yidualized problem sets from teacheMUpplied algorithm and prototypes, constructs o^er tests 
Yrom an item bank^ maintains records of students' progress^ autonTatiqsJly scores tests arid pro- 
vides diagnosis of student- errors^ and perforins an item response analysis- "Alpiough this system is 
limited to physical science courees, it performs a wide range of extremely Helpful functions 
within that area, ' ; . ^ 

Another system, the Gincinnati Iristructionai Management System, has been developed as a 
teacher's assistant in reading arid matheriiatics. Here the computer does not gerierate tests or* 
problem* sets, but does score the pencil-paper tests used to diagnose and track student progress. It 
also keeps student records and produces dia^ostic reports by student, group, and class. At the 
request of the teacher, it will make review or Study assignments: . 

These two systerns demonstrate the variety of furictions a CMI system might carry out. Usu- 
ally, they score and/or arialyze tests, diagnose or identify iristructionai rieeds, and prescribe or 
select appropriate educational experience. All of this information is supplied to^^he teacher to 
assist in far more inclusive instructional decision-making thai^ is nonrially possible. In add!- 
tion, CMI systems often are equiped to generate tests or instructional resource lists, to' provide 
achievement pfdfiles for individuals or jrbups, to group -students by ability, rieeds, and progress, 
and to perform a rarige of statistical arialyses, such as test iterii arialysis. , 

A CMI sys^m can probably best be thou^t of as an umbrella for individualized instruction, 
under which lies a range of instructional and evaluation experiences. For example, a teacher may 
select a given mathematics objective from a computer-linked "library" of objectives for the stu- 
dents to master; a .CMI systerii, meanwhile, could gerierate and . core diagnbs^ prepare 
an achievement profile for eaqh student. U^ing these profiles, the System coiild produce an indi- 
vidualized prescription for each student— perhaps a textbook reading assignment, 15 minutes of 
dhe-to-orie tutoring by the teacher, half an hour of computer-based drill and practice, and com- 
pletion of a computer-generated practice prablerii set. Finally, the compu^T might generate a 
criteridri-referericecl test 'd riieasure the studerit's achieveriierit of the dajective. If it were ade- 
ijuate, the student would go on to the next objective;:if not, the,cbmputer would generate a n^ew 
prescription for review or further study based on the test items on which the student performed 
poorly. 

As you can see, CMI has tlie capability of providing the modem teacher with a vigorous sup- 
port system for accomplishing a wide^ rarije of instructidhal goals from simple, coherent tracking 
procedures to the most inclusive individualized instruction aims. 
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SELECTING COMPUTER-BASED MATERIALS: SOME BASICS 
Introduction 

Quality . . . you know what it is, yet you don't knqw ^-at it iy. But that's self-contradictory. .But 
some things are better than others^ that is, they have^moi r-jity. But when you try to say what the 
quality is, apart from the thin^ that have it, it all goes £ ^^iZ^Tbpre's nothing to talk about. But |f 
you can't say what quality is, how do you know what it !si Qr Hb^/do you know that it even exists? If 
no one knows what it is, then for all practical purposes it exist at all. But for all practical pur- 

poses it really exist. What else are the grades based oil? WKy else Would people pay fortunes for 
some things and throw others in the trash pile? Obviously ^§ome things are better than others . . . . But 
what's the "bettemess"? ... So round and rpuhd you gp, spinning mental wheels and nowhe-e find- 
ing anyplace to get tract idn. What ... isjquality?>yhat;Yt? ' 

i (Robert M . Pirsig/Ze/i and the Art of Motorcycle Maintenance) 

o . / _ 

Judgiiig quality is diffijcult. Even so, we are continually making cjuality judgments-abdut our 
studerits and about the instructional mateiials available to them. , 

Often we make intuitive or gut-feeHng (subjective) judgments and they turn out to be quite 
reliable; other times we apply objective, explicit standards. Both approaches involve the applica- 
tion of some criteria against which we are comparing the thing to be judged. The criteria 
may be unconscious, forming the basis for strong intuition, or they may be clearly stated, e^en 
systematized. ^ 

In ah effort to help educatdi-s make objective judgments about instructional products, many 
systems or models have been developed. Generally, these ask the evaluator to make quality judg- 
ments on a number of different chafaeteristics^of the product. 
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Most of tile models currently available forjudging or evaluating materials would also be use- 
iiii in evaluating computer-based instructional products, but they would need to be expanded to 
include chreriil exa:,iinatidn of some characteristics specific to the computer. 

!n the following pages we present a simple yet iJsable set of guidelines far evaluating 
conipiiter-based instructional materials. It is riot intended to be exhaustive; it presents only the 
basic considerations showing one way to evaluate and select computer based instructor units for 
possihie classroom use. . 

Jn this section, we will idcus specifically oh the ici^irfictional applirations which fall into the 
first five categories of computer Use discussed in Part II, including drill-ahd-practice, tutorial, data 
analysis, pn^' m solving and simulation: 




l-:);u:ri- Instruction j! unii^ in .the first five categories; 
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Variety of Computer-Related Materials 

A Wide variety of computer-related instru Sdnal appiications is currentiy available from dif- 
ferent sources, including university projects, hardware manufacturers, arid ediicatibrial corpora- 
tions; a' list is given in Appendix II. As an iudicatlbn of the volume of available applications, a 
study at HUMRRG in 1975 identified 5,650 iterns of computer-based curricuiar materials. Tlie 
1976^dition of the Index to Com/mter Based Learning documents and abstract5 \ ,837 items: 

There is a wide variation in cdrilpleteriess^ drieritatiori, arid Usability of the Units currently 
available. Comparing these units for selection for classroom use may be complicated by the fact 
that the support materials provided may range from a single program listing to a complete volume 
of workbooks, manuals, and program guides. In addition, there are the computer-related consid- 
eration:, to add to your regular set of criteria for jud^ng the usefulness of materials for your 
classes. For these reasons, selecting computer-based instructional units can be a coinplicated arid 
confusing job. The procedure outlined here, liowever, is designed to make the process logical arid 
c;isy, snicc it concentrates on the basic components and discusses the general characteristics 
which contribute to their usability. 

A Cbmputer ad Insiruciiobial Experience 

Before beginning to select computer-based applications, you shouid have a clear idea of 
what elements are basjc to a computer-enhanced instructional experience. The components are 
illustrated iri FigUre 3-2. 



COMPUTER BASED INSTRUCTIONAL EXPERIENCE 



COMPUTER SYSTEM 



Sbftwara 



Hardware 







INSTRUCTIONAL UNIT 




Computer 






Sopport 






Program 








Material 










Model 



































Figure 3 Elements of a computer-based instructional experience. 



As yoii see, there are two main parts— the computer system and the instructional unit: 

The first cbmpbrient is the computer system-hardware and software. As discussed in detail in 
Chapter I, the appropriate computer hardware (equipnlerit) and software (program and language 
capabiiities) must be available to enable the unit to be used effectively prat all. 

The instructional unit includes a computer program, a model or algorithm around which the 
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Ufiil is organized, arid, in sorii;; cases, student and teacher support materials. Veiy often, par^icu- 
laHy if the unitwas developed by a husy teacher: the unit will include minimal, if any, support 
material, in such cases, the teachers who plan : the unit may have to expand or eveii devel- 
op their own materials for ch- sroom use. 

In the dialzram of the ihstrUctidrial unit (Figure 3-2) note that the model is shovs^n to over- 
lap with the prograrii and support materials; this is intended to illustrate that the model is formu- 
lated independently but is contained in the program and is described and explained in the support 
inaterials. When considering a computer-based unit, all of these components of the computer- 
based instructional experience must be evaluated - the hardware and software requirement and 
the program, rnddel, and support materials. 



The Process of Selection: Two Stages 

The process of selecting computer-based units can be di vided into an intia! stage, in which 
decisions are usually dictated by basic, pracHcal requirementK, and a final stage, in which evalua- 
tions and comparisons are more often based on personal like*^ anir^ dislikes or on accepted 




Figure 3-3. Decision images -initi i\ and final. 

standards; The first stage is concerned with the practical necessities of whether or not a unit can 
be used with the available equipment arid whether or not it falfills the teacher's basic require- 
ments: the teacher determines whether the unit is fundamentally usable and therefore worth 
evaluating further. The seco^nd stage evaluates the more detailed aspects of the unit, and decisions' 
are determined by teacher preferences and personal or establ^ :h^H standards. 



BEGINNING THE SELECTION PROCESS nzi^l 

The Initial Decision 

When you Begin to select from among computer-based units, the first stage of your evalua- 
tion will naturally focus on determiriing whether or riot the unit is usable on the computer you 
have available, teaches what you want to teach, and has at least^the rriinimum materials you need 
to incorporate the unit ini« your class work. These basic considerations can be expressed as five 
critical questions concerning the computer system and the Instructional. unit: 



1 . Will tht program run on the hardware I have available? If not, can it be altered? 



ERIC 
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2: Is the language available oh my computer? If riot, cari the prjigram be rewritten in 
an available language without destroyirig the instructional vaiucV 

3. Does the jnit encompass appropriate instructional objectives, instructional 
strategy, arid difficulty level for my purposes and my students? 

4. Is the model used iri the uriit accurate arid appropriate? U not, cn it be revised to 
my specifications? 

5. Are the support materials useful an^I complete enougli to riieet my minimum stan- 
dards? If not, can I either provide the necessary revisions oi dev lop support 
riiaterials to my specification? ^ " 

These preliminary questions can be called ahsolute decisidri variables, since a No answer to any 
question will usually eliniinaUi the unit from further consideration. _ _ 

The preliminary set of decision variables can be illustrated in a table, as in Figure 3^, where 
iiriits are evaluated on the five absolute decision points as NO, YES, or MAYBE (i.e. usable with 
modifications). 



in;^ial decision variables 


POTENTIALLY USABLE U'AlTn 


Unit ^1 


Unit #2 


Hnit it3 


.Unit t-'J 


Unit #5 


1. Win .program run on 
hardware? 




f 


YES 


YES 


YES 


YES 


2. 1. language available? 






YES 


MAYBE 


YES 






3. Appropriate objective, strategy 
and difficalty level? 






MAYBE 


MAYSF. 


MAYBE 






4. Is model accurate and 
expropriate? 






VES 


VES 








5. ArA lupport materials 
sufficient? 






YcS 










PRELIMINARY DECISION 


REJECT 


EVAtUATI 
[>UffFHER^ 


REJECT 


REJECT 


REJECT 



Figure 3-4: Sample preliminary decisiori table. 



By the^ time you have asked and answered all the preliminary questions, you may well have 
rejected the unit. But if the answers are all Yes or Maybe (as with Unit 2 in the example), the 
final decision will depend on how you rate the unit on the secondary characterist-cs in the second 
stage of evaluation, as we will f^e. ^ 



14/^/7/ Program /?i/n on /^rt/w/are.'^ 

it may seem biased (even heretical!) to focus on the question of hardware before we have 
considered instructional objectives: It is reasonable to do so, though, because the answer may 
make the final decision at the outset: there is no point ih making an exhaustive investigation into 
the instructional objectives of the unit only to discover later that the prograih requires a corn- 
puter with tv^ice the capacity of your own and must run in interactive mode while you have only 
batch mode available. _ 

A math teacher or student, or someone else in your school familiar with the local computer 
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racilitics, can probably give you a quick answer to this question simply by iooking at the program 
listings for any uni^ts you wiini to consider; Gr; Jie support materials may provide ihfdrrriatibri 
about the size computer and type of terminal required to run theiJnit's program* so that you can 
judge from y(Kir own knowledge whether the program will run. This variable should involve only 
a Yes Of No decision. ^ 

2. Js Lan^Lage Avail able? 

The next most ..ndcal v nable is the programming language used; an J again, this can be 
answered quickly by someone familiar with your cbrripnter system. By studying Appendix II, 
keys to Reorganizing General Purpose Languages, you can probably det ; line for yourself what 
language the program is written in and then find out whether that language \ available. 

Kven if the language is available on your computer, modificatio: - niay need to be made, 
requiring anywhere from five minutes to several days of an experie.iced piogramrrier's time. 
Modifications are commonly required because different computers use slightly different versions 
of the sarrie language, but in most cases they are minor. Again, you should consult with someone 
familiar with your Idea! computer. 

If the language is not available, a larger programming task is required to convert the program 
to a language that i:> available. If you have no prograjnmihg skills (or no time) and no access to a 
programmer, this probably rrieans you will have to eliminate this application. 

3. Appropnate ObjecTives, Strategy, and &fficalty Level? 

Once the practical hardware/software questions have been examined, you can begin consid- 

erinp :ho instructional validity of the unit. 

OBJhCTlVKS 

A.ssuming the support materials include a statement of the instructional objectives (and that 
you have defined your own objectives), you r^ust determine whether the stated dbiectives are 
consistent with your own. If they are not, you orld be afele to eliminate the obviously inappro- 
priate units fairly easi\ . If you want to tea( ^ eighth-grade students to recognize and define 
(Jreek word rodt.s for a unit on English vocabulary , for example, you would obviously elirninate a 
proi, am designed to teach twelfth-grade students Greek grammar or a program aimed at teaching 
the 0- >;lopment of Greek culture: 

I he objectives of rnany units may be near enough to yours, or general enough, that some 
modification in the unit materials, or even in the objectives themselves, could tailor them to your 
purposes. ^ 



INSTRUCTIONAL STRATFGY 

The five uses of computers in the first two categorie.s of computer Use, discussed on pages 
34-60, reflect a variety of teaching modes. You may Have a clear preference for one or another of 
these for certain topics or certain students. One dimension of the student-computer interaction 
you may wish to consioer is the degree of learner control v$\ compir r control: The five types of 
applications can be arranged roughly along a control continuum as shown in Figure 3-5. 

fmp(^rtant differences in teaching philosophy are demonstrated here. With tutorial and drill- 
and-practice programs, the student is asked only to respond to the information presented by the 



*Sce Part I, pages 12-14. 
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r DRICC AND-PRACTICE 



r- SIMULATIONS 



DATA ANALYSJS 



rST :NT WRITTEN 



r 



TU rORIAL 



E 



GAMES 



PREPROGRAfVlMEb 
PROBLEM-SOLVING 



PRC EM-SOLVING 



— — I- 
CONTROL 



PRC AMS 



COMPUTER 
CONTROL 



f'igure 3-5: Control continuum for connputer uses in instructional applications. 



computer, which then judges the response and presents new informati^r:. Games and simulations 
add a dimension by inanipulating the data Input by the student accorairig to an intrinsic model 
(set of rules) and displaying an outcome that is the direct result of the student's action; thus the 
student learns actively to exercise the model \n order to control the outcome Farther along, 
when the student uses the computer as a tool to calculate, analyze data, or solve a problem, he 
controls the tool by providing data to get a needed answer. Finally, when he actually wfi- 3S the 
program, he is controlling the computer by providing not only the data but the program itself. 

DIFFICULTY LEVEL 

Appropriate **difficulty level" is ariother way of saying that your students will have all the 
prerequisite skills and knowledj^e require to interact with arid learn from this particular 
program -rudimentary typing skills and appropriate vocabulary level, for example, as well as 
knowledge. Students also should be capable of the level of behav[or the program requires with 
respect to knowledge, comprehension, application, analysis, synthesis, or evaluation. Probabjy 
the b«s* way to make a preliiriirtary judgment abcm the difficulty«of the program is to run the 
program or to examine a sample run. As an cv. m ! i[ , 5uppdse you wish to find a Unit on peri 
eters and areas of quadrilaterals for your sc- 'V- v:'^<ie mathematics class. You locate a cbrii- 
puter program which is identified as dealing . .'^ 4 jdrllaterals In geometry. Upon examining a 
saillple fun, however, you find that it was obviously developed for ose with high £. hool stuv"' ts 
who have had experierice with ''proofs'' arid your students would not be able to use it. You must 
either find a way for the students to acquire the riecessary prerequisite skills arid knowledge, 
revise the program; or reject it: You may decide against other prograriis because they are tod 
simple or use c jnuescendingly elementary language or tone. In most cases, these considerations 
will be lesb thaii absolute. It is possible, for example, that a unit designed for ninth grades could 
be used with tenth, eleverith, or twelfth graders, or thaLa particular business education unit 
might be used just as effectively in a social studies class. The final decision must depend on the 
mptch between the unit's objectives and your own. 

4. Is the Model Appropnate? 

Three of the instructional modes we are corisideririg-sinlulatidri, probleril-solving, and data 
analysis-are built around models. As part of your initial decision to accept or reject ari irtstruc- 
tional unit, it is important therefore to detennine the appropriateness of the model underlying a 
particular unit. 

In the case of data arialysis the underlying model is mathematical or, more often, statistical 
in nature. In other words, data analysis programs irivolve usirig a data analysis model to analyze 
and interpret the data. When you have data you wish to evaluate, these riiddels help organize 
them in such a way that relationships existing within them can be discovered. Suppose^ for ex- 
ample, ^hi' yoii tt;v'» conduri:ed a sample survey to determine stu^tents' attitudes toward school 
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The data you c()lk-cl caji be cvalUiilcd with statistical models to help you determine whether or 
not the sample is biased, what attitudes are related to other attitudes, how strong these reliition- 
ships are, and so forth. You are probably familiar with several data analysis models; Gorrelation is 
one; the chl scjuarc test :ind t-tests are others. Most statistical models included in computer statis- 
tical packages are weli accepted within the research community and yoli can accept them as valid. 
In addition. ni()st elenientary statistics texts contain chapters devoted to the various statistical 
models. 

The roic played by models in simulations can be depicted In the ^iiugram in Figure 3-6: * 

1 




REAL WORLD OF THE R EAL WOR LD 

Figure 3-6. The model reflects the real world in a simplified form. 



Figure 3-6 suggests that any real world situation can be represented by a model. The real 
'•state giiiiio ci\\\cd AJnnrypoly: a Link Trainer for airplane pilot training; a map of Minneapolis, 
Vliiinesbta: and a Mickey Mouse cartoon film are all rriodels of bhi^, type or another. 

Simulations are operating models of physical or social situations. The word mode! in the 
context of simulation implies two things -first, that the reality being rep^'esented is reduced in 
size to manageable proportions; and second, that only certain aspects of the real thing ire chosen 
for inclusion. In other words, reality is simplified. 

Problem-solving models are usually quite specific. Examples would be the formula for con- 
verting tehipteriilures from Fahrenheit to Celsius, or a formula to project populalilon growth. Any 
model in a computer-bo: :d instr»'Ctiohal unit is stated in mathematical terms within the computer 
program: Most teachers will find it difficult to determin." -"hat model is being used by looking at 
a program, but it should be described in simple terms ir :ipport material. Pages 15-20 of the 
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URBAN CRIMK UNIT nrovide a good example of a verbally stated model: The more mathe- 
rriatical statement appears on pages 34-'35:* 

For another example, look at the social siudies unit called "Balance of Trade and Balance 
of Payments,** reprinted here in its entirety t The support materials consist of a one-jDage cover- 
sheet, a sample ran of the program, and a program listing: Frorn an examination of these materi- 
ais, see if you can determine what model was u^j^d. 

You rib doubt discovered that the sample run gives the formulas used to computer trade, 
balance and balance of payments: 

THADE .'jALANJCE « EXPO RTS-? I MPO HTS • 

BAtA>jeE PA/MENTS = ALL OVERSEAS EXCHAMnFS + 

ALL OVERSEAS EXPEND I tURES. 

This is pari of the model. From a further examination, you can see how the figures circled below 
were derived* 



A- 


J^O'iEIGW AID » 






BALAMCE OF TRADE = 




c. 


TRAVEL BALAi^CE 




D. 


I^J•^;FST'ME^5T BALAWeE ^ 






3ALAWCE OF PAYMENT 





I he total for Foreign Aid is the sum of the two input values 12 arid 13. Baiance of Trade was 
simply computed according to the fcrmala, using the two input values 256 and 23. Travel Balance 
is the difference between the two input values 254 and 56 Investment Balance is the difference 
between. the two input values 259 arid 21 . To verify these observations, you can look at the pro- 
gram listing shown in Figure 3-8. 

This, then, is the algorithrn or model upbn which this unit is based. The model is simple !t 
is up to you to answer the questions: ^ 

1 . Is the model accurate enough? 

2: In an .?tternpt to highlight critic:'! relationships, has the model been too siriiple to 
represent reality acourately? 

3. Is the model too complex to allow the student to r zognize relationships? _ 

4. Is the riiddel complete enough to meet your objectives? 

When using simulations arid problem-splvirig rriddels, it is ortly good teaching to in fdrrii stu- 
dents of the nature of the model they are interacting vvith^that it is a simplification_pf reality, 
tliat many factors may have been ignored, and that the modd determines all output froni the 
computer. Students may wish to investigate the assumptions of the model to determine its validi- 

* Available from Digital Eqiupmerit Corpbralidri. "Huntington I Applications Programs-Social Studies." 
t Available frorr '^.igital Equipmr^nt Corporation, "^^untington 1 Applications Programs-Social Studies.*' 



On 



t 



PAYMFNTS 



PROGRAM MMt: im% 



DESCRIPTION: 



. . .Th IS . p l O^r* ni. Amo I ra t r j thH i s t \nc .1 i on b r i w , r n "ha 1 fi c c of i r a d c" 
ind "f>-lirtcf of piymrnlj." Alsn iho^n are the component » \h\ mikr up thf 
"biUficf of piymetiti" accoiinli »nd their individiil impacts. 



OBJ-CTIVES; 



A< To_fmpha3izrJ.lif..Lnip.prianl distinction bctueen"lUlLricp "f Trade," and 
" BalancPisf Paympfits," 

H, Tu demon Jtraip thr impact of atiy specific foriiiRn rxpenditure on our 
"Balance of Payments/' 



PRELIMirW PREPARATION: 



a! f^t1idpnt,JT^Jl^^nbfJln djla for corriponents of balance ol paymrnt^ for a jjivcn 
ycu atidvCvuintry, 

R, nisnimi.")!! nf thf roru t'pts " hilanri- of trade'' and " bjUncc of payments" , 
v^niild bp h"lpfiil b'lt arr ncit nrrrmary. 



iiiSCO^IION: 



A. Student IfVcl - avf rage 



R. Curriculum location • advanced rconomics: Unit on 0- S. Economy in the 
Vorld. 

C Tiiii prnKram may be usrd pilhpr as a ijroap rxcrcisc, or for individual sUdy, 



^^.Disr>f!fc^loN between um bai-ance mu 

I'AUXi OF HAYMK:JT:). 



i^U^'Jli OK hvyiltNT:}* all OVEtisEAi i:ACriANGi;i* 

AIL Mnim- Ui^immzl. 

KlUUJfb or DOLUiiS (E»G* 6 " 6 HlLLlO'J nOLLAKS] 



Aj.. 



INf'Ut' A KI(iU<iE Fihjf FOH ALL HlUTAnY AlUi InEN 
EOH-ALL OTHErt AID lo OTHl^ii NATlONai 
? 12.13 



INPJl A J-'lGUitK FIujT m E^tPOflTSi THEN FOR iHPOht 

c._ :. : 

im\ A }'\mi Klilil FOB FOftEIGNEliS TriAVELlNG IN 
YOiji; iiuQniiiY^ rlihi) m YOUii COUNiiiMN THAVELINQ 

mm)* 

7 2WuH 



-- 

.I.N^^Ul.J^^lCUl^L^^lu;»^^Q^^..lNC0l1E.^^^^^^^ INVEST- 
KENll^i \m FOli fOKtlG^J 'WVESTrtENT U'SELF. 



A< I-JllKIGN AID ' 

B* liaANCE OF TrtADt' • 

C< iiiAUa UAUNCE n 

D* IrivtiTIlEWT DAUiJCE ^ 



25 
233 

m 
m 



BAL'\NCL QF PAYttE.^I^ t 
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t.la'iri':ifcli.-lF A MINU; FIGURE APPEALS ABOVE*Y0iJH- 
COjMii^ HAS A OL;]'^^ I'i ITS flALAjJCE OF ?mim) 

'm m UNOFr.;;.^? Tt'-..nJST.I.NCTI.ON BETWEEN. THE 

hvjt^^a OF iitAu- ' L'Mmi of t^AYwErjii 



0 ['L-pvrlrlht 1971, Polytfcclinic !fi.stitutc of Rrooldyn 



irc 3-7. Cover sheet and sample run of program BALANC from "Balance of Trade and Balance of 
Piiynicnts'' liriit. 
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I KEMPfWGHAM BY □ . V i SWftRTZ i - HAUf HOLLOW HI 7//^6 _ 

5 miHt**tHtBt*S d DI5TIc::T10^J BETWEKM TRAnF BACA^CF A^n 

5 PBINT*'BfitAigCF OF PflfMENTS-" 

8. . PRINT . . 

10 PRINT"TRAOE bAtANCE ■ EXPO RTS- 1 MPORTS . " 
15 PKINI 

2Q PRINt**BALANCF..9F PAYMrviTS. ALL OVERSEAS FX CHAW \ - 

22 PRINT'*ALL OVEHSFAS KXPFVDI T'fRFS . 

23 PRINT 

"WHEN INFOBflATIOV IS REbfJESTFR. I>jp!fT 'h-. 
''MILLIONS OF !>)' (.AHS (E.G. ^ • ft MILL'' • 



ARS) • 



PIGlfRE FiHSt FOR ALL MI* I TARY AIP. 

:r.n air to othfr .vatiovs.** 



'RK FIRST FOr FXPOPTS, THCN FOR IMPORTS. 



25 PRINT 
27 PRINT 
30 PHI NT 
33 PRINT "A." 

35 PBiraT»'INPtjT A 

36 PRINT" FOR _Ai: ' 
45 IMPOT.Fl^: 

UETFmFI^FR 
•S2 PRIVT 

54 PHIVT ••flr" 

55 P.RINT'VINP! ^■ 
65 INPUT SWS2 
70 LETS-SI -S2 

72 PRINT 

7^ PRINT ••q." . .. . 

75 PRlNT'MfJPUT A Fl GyRE FI BST . FO .8_ FO REi GNEB5 TBAQEL tmC I M.O 

76 PHINT^TTOfJR COUNTRY/ THEV FOR YOUR COriNTRYMEM TRA\, i-ClM 1 

77 PRINT"ABROAD.»' > 
65 INPUTTUT2 

Vd LET tWtl -T2 - J' 

92 PRINT 

94 PRINT "D. 

95 PBI'\JT"INpMt A FIGURE FIRST FOR INCOME FROM FORFI '^V INVEST 
96_PRTMT"MEMTS* THEN FOR FORP-I GM- INwFSTMFVT ITSFL^." 

10^ INPUT I LIS 

110 LET I-II-I2 - 

115 LETP»-F^S^T^1 
117 PRINT 

1 Itt PHI NT _ _ 

120 PRINT "A. FOHEIfiV AID »"#F 
125 PRINT 

130 PRINT "B. BALANK?© OF TRADE '"As 
140 PRINT 
145 PRINT "C. TnAVEL BALA>JCF -"^T 
l5d PRINT 

155 PRINT "b. INVESTMENT BALANCE I 
lS8 PHINT 

160 phin^t 

162-pBINT 

120 PBINT ••BACANCE OF FAyMENTS 

121 PBINT _ 

172 PRlNT'VCflEMEMBER* _IF a_MINU5 FirURE APPEARS ABOVE . fOllH" 

173 PRINT*'C0UNTRY HAS A DEFICIT IV ITS BALASICE 0*^ PAYMENTS) ' 
Ittl PRINT _, ■ 

185 P^lNT!*HOPE YOrf rjNDERSTANP THF.DISTlVCTlO'vi BETWFFM _ T4tr'. 

186 PRINT"BALANCE OF TRADE AVD THE BALAVCE>OF PAYM»^TS*' 

187 PRINT"BETTER NOV." * ' 
190 END 



Computes foreign aid (F) By 
cbrhputlhg the sum of alj 
?^!M^'^>^^_aj.d (Fl) + aid to 
other .nations (F2). 



Coniputes balance of trade 
(S) by subtracting imports 
(S2) from exports (SI): 



Computes travel Balance (T) 
by subtracting countrymen 
traveling abroad (T2) from 
foreigner^ travelihg in your 
country I'^T I 



**) Computes investment bal- 
1 Al) by subtracting 
f foreign lnvestments_(l2) 
J ffonx income from foreign 
ihvestiticht (fi). 



Computes balance of pay- \ 
inents_(P)_accordlng to 
formula: To find Balance of 
payments fP)» subtract 
foreign a[d (5l_iiom the sum 
of balance of trade (S) '+ 
travel- balance (T) + Invest- 
ment Balance (I). So: 
P = -F'+ S T M. 



F-igure 3-8. Program listing for BALANC with explanatory comments. 



ty for themselves. In fact, a good deal' of deductive learning takes place v^^hen str Jents are al- 
lowed to build their ov^n models or Improve upon models developed by others. 

On the foilowing pages is another example of how a model can be described. It is taken 
from the Huntington n Simulation Program POL^ 

Is the descrijjtiori of the POLUT model informative enough to determine the appropriate- 
ness of the model? 

*AvaiIabI6 from Dip'ital KquipmentCorporationv 



VTVt iff I tflTiPt 



Tb« defWng equatto^Jid tbc mmu used Ih'lhe model are a; 

(I) 



dt 



ami ^Dl-m i ,3) 

dt r 



^ « C(X9 - X) - NWI : HW2 (i) 
dt 



)V = Wl f W2 



XIO) X9-D1/C 

N « o:?5 



(61 
(7) 



H 



0:25, for jiidustriai waste, (6) 
or for 5cwagc ' 



0 





Dl = 


2 






0,^ for fond 




C = 


i:0, lake 






1.5, slbv river 


) 




3.0, fait rlv«r 



tio) 



(11) 



in which 



waste duo to natural pollutaula (dead : 
partB per million (pi), 



leaves, etc J In 



W2 ' waste due to huaatis (In ppni]; 
Dl ' rate of injection of natiiral pollutants (In ppsi per day). 
D2 = rate of Injeciloh of huinah pollutants (In ppm per day). 



N ^ waste dccomposllloii coefficient /or natural wastes 



il = waste. (Iccompofiilion coefficient for hiiman waiites (sewage cr 
industrial). 

X c dissolved oxyp level (in pp); 

X9 = saturation oxygen levet jfurictlon of tcmpcratiircj (in ppm). 

W s total waste In water |ln ppmj. 

C s irate of aSsbrpiion of oxygen iii water (in ppm per day), 



Iii tHpater Frbi day to day equals the rate at vihich natural pollutants 
are/ibj{c.ted.flilhus the. rate at which these ;;DUut3nts are decooposcd, Notice 
th«t thvya«e.(!yejo_naMal_pglJiytiD£8.?t_Gny tiiiie Is coiiscaht,. iwless-the 
"^^of injection of natural pollutants changes wlth tloe [l.e.j.tfl vWl|0)_ 
for all t>p]. For this prograa, the asswuptlon has been c,ikde that the rate 
of.getisratloii of iirttirai vistes Is constant throughout the yc«r, but Equation 
1 U.retalned in the eveiit that a core elaborate oodel is desired at soie 
future tine. 



FifluAtinr ) PT\Mm rh« the water svstWh In eodJlbrluD at day 0 



vli««, iiwiuu vaobco Lcglu j^jllliilhg lii^^ Aovei) < 



J I 

According to Eguation 3,_ the chaiige h .the apipunt.pf . huMn pollutants 
iii the i/atet hoi day to day equals the rate at uhich hpn pollutants la 
injected, ilnus the rate -at which these -pollutants are decooposed, HW2 
represe|ts_the rs.te.of decooposltioii.of huiari-i/aste, Hote chiii i^heii tHe 

^*^^sj8_«^i>l!«i.the decpniposition_coefficlent,J,_takes.rp_,^ mt 
value as the Jecoaposltlon coefficient for natural vastes. The \ai' " u£ H 
Is consIderaBIy higher for sewage than for industriai waste. 



|3u«t.ionj.fltate8„that_tbe.diflsolved Dlcygen.leveI.6f a bodv bi v.ter 

^^^H^^.^^^^^Ml^^. ^^h A^7^^^^^^ the dlf_ference_betvBen the ii' Ufatipn 
level and thfc actual cicygcn level and the rates at which natur-;] i\x 
polliiiarits are ieciiipijfleiii it is slgrificunt to note here th;' ii, ■^'.> 
flonjevcl of.dissolved oxygeii.lh.watn defrfeasts as the water wj.^ •t w' 
increases, acco|nll.,g to the fonsula: 



15 - 2E(T'32i/9] for32<T550 
*^ ll-[(T-50)/$ ] for50<T<90 

- - I - 

The graph In Fig. 1 depicts this relation: ;ilp; 



I 



Rfiire 3-9. Description of the POLUT model. (Continued on next page.) 
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Fig. 1. Viter tettperiture vs. iituratlon 
level of dlsflolved oxygen In vater 



Equition 5 eiates tli&t the totiil waste in the water Is the sum of the 
aod huniaD wastes in the water. 



Equation 6 iilates that at day Mm bclore human begin 
poiiuting the waterl the level of dissolved oxygen in the water is less 
than the saturation level of dissolved oi^gen in water by the amouot 
'required to decompose tiie natural waste, 

_ liuatioiia 7'i() state the constant values for waste decomposition 
coelicientSf initlai human poliutants, and rate of injection of natural 
pollut&ota. 

..EM'PDllMlM the rales ofAb^MonptoxyienJc w^^^^^^^ 

5[P?J^1 body J !ln elfecli tie _varjing conflU_nts_reflect_tbe effect 
of lurfacc area or speed of the body of water on oj^gen absorptiot^ 



Figure 3-9. Continued 




1' The rate of generation of natural vastei and human viitei 
is constant throughout the year* 



2> Phosphates^ nit rpgenj iUjfolni gases^jyipeDilfd vytia 
are not Inportant (or. at least, not of Intereit) and 
not coupled CO our variables). 



3. Only natural vaates exiat In the bpdy.of:.vitMjrlor to 
' tho first day on vhleii huaan pollutants are duoped Into 
the vater.' 



There Is no interaction betveen natural and huoan vaite. 
5. Natural vaate decoapoaes at the aaae rate as aevage. 



(> The rate of waste deconpositlon la not dependent on 
voter tmrafiire* 

A 



7, the rate of- vaate deconposition is independent of the 
oxyp level In the vateri H the ojcygcn level falls, 
IOserpblc_grganl|iitsJeglLtojake.oye^ decomposi- 
tion and maintain the saine rate of breakdown. 



S> Thne jiLRP Jlf feregcj^s Jn Jndi^trliLpoU^^^^ , 
no difference is acknouledged bety^ from a 

vegetai)ie cannery and those from a chemical plant). 



9. Tliere are no seasonal variations in the vater body. 



10. Game fish (perch,. trout^.etcO die or. leave the area 
vhen the oxygen level drops belov 3ppQ. 



ooOoo 
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When exarninihg the model used as a basis Tor a unit, you will want to make your own sam- 
ple runs of the program. Once you have inferred the model from the program or descriptive ma- 
terials, you will evaluate whether.it is appropriate for your classes, whether it might be modified, 
or whether to reject it as inappropriate. 

Do not become discouraged if you have difficulty in evaluating a specific model, ft is diffi- 
cult, and there are ho simple, easy-to-follow guidelines. Evaluation procedures range from highly 
complex mathematical measures to gut-level feelings^- 

' ^ 

5. Are Sapport Matertafs Complete Enough? 

The minimum standards for the completeness of support materials will vary from teacher to 
teacher. You may be a teacller who rejects the approved course textbook and Instead creates 
cUfriculum material from your own resources to meet your standards and objectives. If so, ydU 
may prefer to use an instructional unit which Includes only a computer prpgranl, so that you can 
develop your own materials and modify the program as you see fit. Or you may find that de- 
mands on your time and energies prevent you from developing complete new units but that you 
have time to modify or expand a unit if certain basic materials exist. Finally, you may be a busy 
teacher who; can use the computer only .if good, complete support materials are available. 

Some features of support materials to consider in setting minimum standards include: 



1 . Statement of instructional objectives; 

2. Descriptidn of the algorithm or model used in the program; 

3. ' Rationale for using thc; computer as the medium for this Instruction task; 

4. Prerequisites and preparatory activities; 

5. Sequence of classroom activities involved in using the program; 

6. Followup activities; 

7. Pretest arid posttest; 

8. Student manual and/or worksheets; 

9. Teacher's guide; 

\Q. Resource guide (with background information, text references, etc.); 

11. Program listing; 

12. Sariiple ruri of the program. 

You may want to add other features. 

As an exercise, use a form like that in Figure 3-10 to list the features of a computer-based 
unit in order of their importance to you. Then draw a line below your minimum requirements 
for using the unit in the classroom. 



Making the Initial Decision 

Once you have determined your own itlininlum practical requirements and decided whether 
a unit meets them, ydU probably will have riiade a preliminary decision either to reject a given 
unit or to give it further consideration. If the answer to the five cntlcal questions are all Yes or 
Maybe, you can base your final decision on the remaining secondary criteria, which we discus^ in 
the next section. If you have answered No to any of the five questions, you probably plan to 
reject the unit. For example, if you are reviewing eight units arid have answered the five questions 
as in Figure 3-1 1, you will know what to do next. (Remember, you answer Maybe If you or 
someone else can revise the unit to make it acceptable.) 
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WRITE YOUR OWN tEST 


1; 






2. 






3. 






4. 






5. 






6. 






7. 




- 


8. 




• 


9. 




- 


10. 






11, 






12. 






13. 






14. 






15. 







Figure 3-10. Minimum requirements list. 



In the case of Unit 7, you may decide to reject the unit at this point if you know you don't 
have the time or resources to modify it to change each Maybe to Yes. 

Now you are ready to consider the remaining variables in evaluating a unit and then make 
your final decision. But for p/actice, you should first evaluate some sample Units in terms of the 
five initial decision variables, deciding whether or not: 

1 . The program will run on the hardware you have available in your school; 
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POTENTIALLY USABLE UNITS 



INITIAL OiCISIQN VARIABLES 


Unit #1 


Unit #2 


Unit #3 


Unit #4 


Unit #5 


4JrMt^ 


Unit #7 


1- Will program iuri bri 
harclwars? 




P 


YES 


YES 


YES 


YES 


MAYBE 


MAYBE 


2. Is larigUage available? 






YES 


MAYBE 


YES 




3 


YES 


MAYBE 


3. Appropriate bbjectlva, strategy 
and difficulty level? 






MAYBE 


MAYBE 


MAYBE 






YES 


MAYBE 


4. Is model accurate and 
appropriate? 






YES 


YES 








MAYBE 


MAYBE 


5. Are support materials 
sufficient? 






YES 










MAYBE 


MAYBE 


PRELIMINARY DECiSION 


REJ 


ECT 


EVAL^AT£ 
FURTHER 


REJECT 


REJECT 


REJ 


ECT 


EVALUATI 
FURTHER 


EVALUATI 
FURTHER 



Figure 3-1 1 : Completed preliminary decision table: 

2; The language will be available on your system; 

3. The objectives, strategy and difficulty level are appropriate; 

4. The model is appropriate; 

5. The support materials are complete enough. 

If you cannot determine, at present, whether or not the hardware or language requirements 
are: appropriate, put Maybe in the column. When yoi^have finished your initial evaluation of the 
sample units, continue on to the next section. 



THE FINAL DEeiSldlM 
The Final Variables 

Once you have selected those units which will run on your hardware and meet your, require- 
ments for objectives, materials, and model, you will be ready to evaluate them on the more de- 
tailed points which remain: • 

1 . The extent to which the unit enhances, extends, or enriches your own instruction ; 

2. The extent to which the unit is "student proof— that is, capable of handling inap- 
propriate input ^ poor typing, smart-aleck responses, and so forth; 

3. The extent to which the input and output are user oriented— that is, simple to 
read and Understand, clearly labeled, concise, and brief; 

4. The number of variables that are directly controllable by the user; 
• 5: The number of different options for classroom use; 

6: The time and cost involved in using the unit: 

Again, ydU may add variables of impbrta^^ 

As you examine each unit, you will probably find that you cannot make an absolute judg- 
ment of the unit's acceptability in each area, but that you will rate the unit for each variable and 
the rating will give you the basis for your final decisions. 

Let's examine some examples which illustrate each of the above variables, with various 
degrees of acceptability. 
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h Extent Unit Enhances insiractidn 

Sometimes there is a temptation to use the computer as an iristructipriallimmick--that is, to 
use computer-based curricuium units simply because "the program works." Indeed, the machine 
is a fasdriating inndvatidri in teaching. It may take some time before it is viewed with the same 
casual objectivity as a movie projector or tape recorder. In the meantime, teachers must con- 
stantly ask themselves. Can I teach this concept or skill as well or better without the computer? 
Does the computer-based material enhance instruction? As you examine a unit, notice how it was 
designed to extend the teacher's presentation of the topic by means other than those available in 
, the traditional classroom. 

Before rating a unit on its capacity to enhance institution, consider these questions: 

1 . Which skills or concepts is thii unit designed to enhance? 

2. What special opportunities for improving these skills are provided by the unit? 

3. Could these opportunities be provided by conventional instructional means? 

Examine your sample units and obtain your own sample runs. Try to rate each one for its capac- 
ity to enhance instruction, using a numeric scale such as: 

1 = very poor • - 

2 = poor 

3 = good 

4 = yery good 



Put your final rating number in the space provided in the decision table in Figure 3-24 on page 
105.^ 



2, Extent to Which Unit Is 'Student-Proof' 

A program not carefully designed to handle typical student-user problems could well 
take up undue time for both^ student and teacher and contribute more to confusion than 
instruction. 

There are three typical areas where 'students encounter problems using computefsr-fl) 
They commonly do hot grasp the range of acceptable responses for a program and often enter 
input which exceeds program limits (too large or too small). (2) Some cannot read scientific 
notation, which is the way large numbers are commonly output by the computer. (3) In cases 
of division by zero, incorrect format of input entries, and so forth, the errbr messages printed 
out by computers are typically unclear to students. 

Programs written for student use should be designed to circumvent these problems. When- 
ever the student enters input which is outside the acceptable range, the program should print 
out a message clearly e:;^plaining what is wrong and how to correct -it. 'POLUT* is an example 
of a program designed to take care of the full range of possible input. The student is asked 
to input the waLer temperature for the body of water he is studying. The excerpts from the 
PCLUT program run in_ Figure 3-12 show what happens if the student enters a temperature 
below freezing or above 90 degrees— outside the allov/able input range» : 

♦Program used in Huntington 11 Simulation Program -POLUT; available from Digital Equipment Corporation. 
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BODY OiF WATER? § 

WATER tEMPERATURE?97 - 
^THE WATER TEMPERATURE IS HIC5H EJ^JOUGH TO bESTBOY «OST LIFK* 

TRY A NEW TEMPERATURE. 
, WATER J'EMPERATURE? 22 

l^YOUR BODY OF WATER IS A BLdCK_OF_ICE# _Ai\jt> CAV 'T 
ACCEPT ANY WASTE. TRY A NEW TEMPERATURE* 
WATER TEMPESATURE? 52 

KIND OF WASTE? 3 ^ ^ 

KXND OF WASTE? 2 

DUMPING SATBLA \ ^ 

TYPE OF TREATMENT? 2 \^ 

\, 

DO YOU WANT! A GRAPHED* A TABI.K(2)> OR BdTH<3)?3^ 



Figure 3-12. Excerpt from POLUT program run. 



TO SAVE TIME> I WlUt SIMPtY PRINT ? AND YOU CAN^ TYPE. 
IN THE VALUE OF THE LIGHT INTENSITY YOU HAVE SELECTED. • 
AFTER. YaU HAVE FINISHED TRYING DIFFERENT VALUES* TYPE 
100 AFTER MY ? . ' 

. ?67 •_ _ _:_ -__ __. ' _ 

kUSE ONLY VALUES BETWEEN 0 AND 60. 

to K. THANKS 54 

P« 92 

7 0 

pm 0 

.7-5 

lYdUR VALUE CAN NEVER BE LESS T-HAM 0 
ZOK* TRY --^3 
P* 122 
765 

t35E O NLY VAL UES BETWEEN 0 AND 60. 



Figure 3-13. Excerpt from PSYFC program run. 



In the sample run of PSYFC,* Figure 3-13^, look at the way the program handles inad- 
missableien tries: ' _ _ __ 

The program eRlMEX, from the Northwest Re^onal :Educational Labratory's URBAN 
CRIME UNIT,t is also designed to alert the student to input that is outside of the aHowable 
range. - 

♦Program used in REACT/Tecnica unit "Photbsyntiiesis"; available from Tecnica Education Corporation. 

t Urban Crime Unit, Computer Technology Program, Northwest Regional Educational Laboratory, Portland, Oregon, 
1977. " . ' 
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DO rOU WANT TO CHAWGE THE VALUE OF AN r OF THE CONDI flOMS? YES 



PITER PRECINCT* I NUMBER AND_NEW_ VAtflE. FOR EXAMPtF IF YOU 
VANT TO INCREASE THE NUMBER OF POLICE IN PRECrNCT_3_ TO A 
TOTIU. 0F_g4q, _ YOU TO^ 3#5>840 AFTER THE QUESTION ^ 

MARK IS. PRINTED. WHEN YOU HAVE NO MORE CHANGES TO MAKE* 
ENtER_ 0#d#d 
? 1>2500 
-.72*2*9 

9 IS TOO DRASTIC! MAKE CHANGE SMALLER. 

72*2.* ib«5 
73i9i6 

THERE ARE ONLY EIGHT c5nDITI0NS THAT YOU MAY CHANGE. 
73*8*6 . 

6 _ IS TOO DRASTIC! MAKE CHANGE SMALLER.^ 
73i8*6.7 o 
^73*3*3 

5*7 6*1*3700 

THERE ARE ONLY FIVE PRECINCTS IN THE CIJY. 
7 5*1*3700 _ __ , 

3700 IS TOO DRAStiC! MAKE CHANGE SMALLER* 

75*1*4250 - ' 

70*0*0 



Figure 3-14. Excerpt from CRIMEX program rtin: s 

Some programs are designed to handle inappropriate or misspelled input by printing out 
resp>onses such as: . . • 



or: 



or;^ 



PLEASE ANSIJER AGAIN* eeaREGTLY 



EITHER YOU ARE GOOFI'^G AROUND OR YOU_NEED TO 
PSAGTieE YOUR TYPING* ANSWER THE QUESTIOIsI 
AGAIN* TYPING CAREFULLY. 

.Many cpmputers print out large numbers in "'scientific notation." For example, the number 
1 0,026,77 1,000\000 would be printed as: 



lb.b26771E12 



which is likely to confuse ij student not familiar with the notation, there are, in fact, ways 
to write programs to avoid this kind of notation; if you can run the program yourself, be sure 
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td; check oh the form used for large numbers. If they are printed in scientific notation in a 
social science unit, for example, the unit might very^ell be^ven a lower rating under student- 
proof. , ^ 

Finally, a truly student-proof program will be written so that when students enter in- 
put in an ihbbrrect forrh, try to divide by zero, and so forth, a message will be jginted out ex- 
plaining clearly what i^ wrong and how to correct the input error, so that students. wJlljnDt : 
be confronted with confusing system messages like ?? or EXTRA INPUT-WARNING ONLY^ 
which does not-explain What mjstake was made or how to correct it. 

Now examine the sample units you are using- |n this course and make as many runs of the 
programs as you need to in order to determine how student-proof they are, rating each on the 
scale from 1 to 4: ' ^ . 

1 = very poor ^ 

2 T= poor 

3 =-good ' * 

4 = very good 

Note your rating for each program on the decision table on page 10|. 
3f Extent to Which Unit is User-Onented 

The question of how user-oriented a unit is can^ best be answered by examining the input 
and output in a sample run: It should be made clear to the user what input is required and in 
what format. The output should be self-explanatory, brief, and succinct. A delicate balance is re- 
quired to achieve clear, understandable output without burdening the user with endless time- 
consuming printout. Some examples of input and output follow, with brief discussions of their 
user-orientation features: 

To start with, read through the complete sample run of a program called SPAWAR* (Figure 
3-1 S). As ydU see, there is a great deal of infdrmatidn printed out before the prograrn paiises td ^ 
request the first input from the student. This introductory iriformatibh takes four minutes tb . 
print out, with about half of that time being consurhed in printing the diagram of the planet and 
the space ship.^The length of this material su^ests that the program would be more effective if it 
could be run on a display-type terminal, which outputs much faster than a teletypewrrter. Even 
dri a teletypewriter, hdwever, tirilQ cdUld be saved if the diagram df the planet we're printed in the 
student's manual. In this case, the teacher could have the program revised tb exclude the diagram. 

You probably also noticed the lengthy repetition of the input questions throughout thejnn. 
Gonsidirable printing time could be saved if the form of the qufestion^were shortened after the 
first iteration; the forrn of the computer's answers could also be shortened after the first response. 
Compare the driginal run with the shorter version shown in Figure 3-16, which runs in half the 
time. With SPAWAR, there will always be considerable time consumed (probably several minutes) 
each time the student must ponder and enter an angle and detonation distance. Compared to this 
total tirrle, saving two or thiee minutes of printout may not make much difference: 

One additional comment on SPAWAR's' user-orientation. Notice that the explosion distances 
are pnnted out in the form: 

88.9i6*i0t2 



♦From Space War unit, available from Project SOLO, University of Pittsburgh. 
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GIT - SPAWAft 

HUH 

SOHtVHtHZ ABOOC YOUR PLANET IS A R}Hin.M< SHIP. 

TH15^H1P_1S_IM_A COWSTiMit-TOLAR WIMT^ IT'S - 
DISTANCE FROM THE CpfTER 0 P roUH PLAWET IS FHQfl 
iP*0_0_q TQ 30ftDM_MILES_AMD_At IVS PRESWT VELOCITY CfH 
CIRCLE rOUR PLANET OMCE EVCRY 12 TO 36 HOURS. 

UtiroRtUNAtCLr-tUXY ARE-USiwo^-CUjAKIMO BEWICE SO 
rOU ARE UNABLE TO SEE^THOf# BUT WITH A SPECIAL 

IH SinrntNt. YOU -CAN - tELL- HO W MEAR-THEI R SHI P 4»UR 

PM0T9M BOMB EXPLODED. YOU" HAVE SEVEN HO URS UNTIL THEY 

^KAVB BUULT UP SOFFlClENt POWER IN ORDER TO ESCAPE 

-'your PLANET'S ORAVlTY- 

YOUR PLANET HAS WOUOH K)VER TO FIRE ONE BOMB AN >«)UR. 

AT THl/BCbiNNiNO OF -EACH -HOUR YOU WILL -BE ASKED TO fl I vE AN 
AN6LE < BETWEEN O AND 360> AND A DISTANCE IN UNITS OF 
100 «lLtS_«5ETVEEN_iOO_wD 300>* AFTERWHI^H YOUR BOMB'S 
DISTANCE FROM THE ENEMY SHIP WILL BE GIVEN. 

AN EXinjQlSJO>r wiTHlN 5#000 MILES OF THE ROMULAN SHIP 
WILL DESTROY IT* 

BELOW IS A DIAGRAM TO HELP YOU VISUALIZE fOVb PLIOHT> 
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oooopoooooooo 

--- ooobooooooobooooobo 

000000. 000000 

OQOOO ' OODDD 

OOOQO XXXXXXXXXXX 00000 _ 

ppooo _)0(xxxxxxxxxxxxx_ oono ^ ^ 

0000 -XXXXXXXXXXXXXXJQCX '0000 

pooo xxxxjqpcxxxxxxxxxxxx oooo 
....1 — 0000 »c)0(X)(xxx>mxxxxx3axx^ dbbb 
i«o<«« 00000 x;acx)(xxxxxxx?po(xxxxxx poooo --fco 

OQDD. XXXXXXXXXXXXXXX 0000 

0000 XXXXXXXXXXXXXXXXXXX 0000 

'-'OOOO xxxxxxxxxxxxxxxxx oooo 
00000- xxxxxxxx)ecxxxxx -ooooo 
ooooo_ xxxxxxxxxxxxx _pgppo 
A bbbbo - booob 

r 000000 oocooo 

bOObbODQDOQDDDDQQpOC- 
000000000000000 

t 

270 



- YOUR PLANET 

- THE ORBIT OF THE pOHlJLMi SHIP 

ON THE AH5VE_DlAGSari*_THE ROMULfiN SHip IS ClRCLlMP 

COUNTERCLaCXWlS& AROtffD-yOUR PLM^T^ 30ViT-Ft3fleET 

WlTHOUT_SUFFICIENT_rowER THE ROHULAN SHIP'S ALTITUDE 
MO ORBITAL RAtE WILL REMAIN CONSTANT* 

bbOD LUCK. THE FEbCRAtlON-iS COUNTING ON YOU. ^ 

. . 

WUH + ^ AT WHAT ANGLE DO YOU WISH TO SEND 

YOUR PHOTON BOMB? 

TO 

HOW FAH OUT DO YOU WIsH TO DETONATE ITJ 
?I66 



YOUR -PHOTON BOMB EXPLODED 88.916 
THE ROMULMI SHIP 



• 10t2 MILES FnO>f 



HOUR B_ « AT WHAT ANGLE 00 YOU WISH TO SIND 
YOUR PHOTON BOKBT 



HO If. FAR OUT DO YOU WtsH TO DETONATE ITT 
7 100 



YOUR PHOTON BOMB CXPLODED 01.9382 •lOtS MILES FROM 
THE ROHULAN SHIP 



HOUR 3 # AT WHAT ANGLE 00 YOU WISH TO SEND 

TOUR PHOTON B0MB7 

« 

HOW FAR OUT DO TOU WISH TO DETONATE ITt 

7 ioo 



YOUR-PHO^TON BOMB EXPLODED 76.aS3S •I0t8 MILES FROM 
THE ROMULAN SHIP 



tCUB A- ^ At-WMAt M4GLE DO YOU VtSH TO SD«b 
TOUR PHOTON B0MB7 ■ 

T5^ • . 

H9W-FAR OUT DO TOU WISH TO DETONATE IT? ° 
7 100 



YOUR-PJOtOM BOMB EXPLODED 70.506 
THE ROMULAN SHIP 



• tOtB MILES FIOH 



HOUR S « AT WHAT ANGLE DO YQu WISH TO SEND 

YOUR PWtON B0HB7 

?9 

HO S FAR OUT DO TOU WISH TO DbTONATE IT? 
7 100 



TOUR PHOTON BOMB EXPLODED 67.610A •lOtB MILES FROM 
THE ROHULAN SHIP 



HOUR 6 « AT WHAT ANGLE 00 TOU VISA TO SIND 

TOUR PHOTON BOMB? 

— 

HOW FAR OUT DO TOU WISH TO DETONATE IT? 
?105 



VDUR-PHOTON BOMB EXPLODED 61.7647 •lOtC MILES FROM 
THE ROMULAN SHIP 



HOUR 2- * AT- WHAT ANGLE DO yOU WI5H TO" SMiO 
YOUR PfOTON BOMB? 

?9- _-- . : 

H9W-FAR OUT DO TOU WISH TO DETONATE IT? 

? lis 



Yd^R-PHOtQN BOMB LXPLODED S9.S767 •lOtB HiLES FROM 

THE ROMULAN Si«P ----- 

YQU HAVE ALLP ifED THE ROMULANS TO ESCAPE. _ 
ANOTHER ROMULAN SHIP HAS GONE INTO ORBIT. 
DO_TOU WISH TO TRY TO DESTROY IT? 

On 

PLEASE LOGOUT 
D6NE 



Figure 3-1 5. Sample run of SPA WAR. 
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H01;H I* AT WHAT ANGLE DO YOt! VI SH TO SFND 

Yd'JR HHOtON BOMB? 

70 . _ __ - ......c. .._ 

HOW.FAn OUT DO yO»J VISH TO DFTOMATK IT? 
7 100 



YOim PHOTON BOMB EXPLODFD 
THE ROMULAN SH^P 



*10*P. MILF.S FROM 



AMPLE FOH HOMH ?. 
nETONATE AT ? 100 



EXPLODFD 81.9388 



ANHLE FOR HOUR 3 
DETONATE AT J 100 



EXPLODED 61-938S 



ANGLE FOR HOrrR-4 
DETONATE AT 7 100 



? 1 



♦lOf 8 MILFS AVAr 
73 

lOfiJ MILFS AWAY 



Figure 3-16. Shortened segment for SPAWAR. 



iSome students may not know that this means: 

. ' 8891.6, 

Therefore, this numeric form should be explainedjri the student manual or the printout. 

Now, read through the run of program WEATHR* shown in Figure 3-17. The printout 
looks relatively economical and clear: Notice, however, that there are no directions telling the 
user what form to use for input, such as "When entering the different statistics for the two days, 
enter one- number, use a comma, then enter the second number." In the sample run, the user 
seamed to use the correct form automatically when entering temperature and barometric jDressure, 
but look at lines_9-l I : 



? 1 
?? 1 



The user entered the barometric tendency for only day, 1 : The computer, needing a second entry^ 
pHntecl out two question marks. The user responded to the computer's ?? by repeating the first 
entry, 1 . At this point, the computer has two numbers which it interprets as the tendencies for 
two daySj.but the student assumes he has entered just one number. 

When evaluating user<)rientation features, check to see that all needed directions are given 
for inputting data: 

Looking baclc at the WEATHR printout, .what do you think of the format' for the forecast? 
Is it easy to read? Is it too lpng?_ Does it provide just the fprecast information that might be 
necessary, or does it show too little or too much? 

When a program generates a grpat deal of information, particularly as extensive tables, it can 
often be made more' usable by providing options as to how much information is provided. In the 



*The unit materials foir this program iare available from Minnesota Educational Computing Consortium.'^ 
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GBT-VEATHR 
RUN 

VEATHR 

»N ^ V 

THIS_ PBDGRAM vILU ATTEMPT TO PREDI CT TOMORROWS wpflTHER IF 
GIVEN THE WEATHER STATISTICS FROM THE PAST TVD DAYS. 
SEASON 

? SUMMER 

_ TEMPERATURE 
?76*78 

BAROMETER 

BAIROMETEK tl^ DENCY M -Rt S ING« 2-FALLlKrG# 3^STEADY> t 

t 1 

77 1 _ _ 

RELATIVE HUMIDITY 
725m30 

CLOUDSC IiSTRATUS'2«CUMULUS*3-CIRRUS) 

7 I 
77 1 

CLOUD CO VERC PERCENTAGES 
7 35*30 

WIND DISeCTION (i-N0RTH« 2«»S0UTH* 3-EAST* 4-VEST> 

7 2,2 

WIND SPEED 

75«ib 

\ 

PRESENT SEASON IS SUMMER 
?t)RECAST FOR TOMORIOWi 



DEGREES 
AND 62 ' DEGREES 
AND 47 DEGREES 



PERCENT 
PERCENT 



MPH 



TEMPEHAtURES « _ _ _ 
LOHS TONIiSHT- BETWEEN A7 -fiND 57 
HI QHS TDMOHBO W_ NICHT BEISCEN 77 
LOWS TONORnOV NIGHT BETWEEN 42 
BAROMETER 29' AND RISING. 

HOHXDITY Between 27.5 and 32.5 

CLOUD COVER-BEtVEQl 32. S - AND 3'».S 

CLOUD HEIGHT between 500 TQ 5BQ-FEET. 
MAODR CLOUD TYPE WILL BE STRATUS. 
WINO-FTOM THE SOUTH FROM 7.5 TO 12.5 

GHANCE_OF PRECIPITATION t ' 
TONIGHT 91_ X 
TOMORROW ^8 X 
TdMORROV NIGHtMbb X 

FORECAST FOR TOM0RH)WS WEATHERl 

it SHOULD BE FAIR TOMOSrtOW. 

IT SHOULD BE WARMER TOMORROW WITH NO PRECIPITATION LIKF3-Y. 
DONE 



Figure 3-17. Run of WEATHR. 

sample run of BANK* in Figure 3-1 8, you can see the effective iise of options, first (A) to control 
the parti^^ular kind of calculations the program will perform, then (B) to control the amount of- 
data printed out. • ' . . 

Another convenient us^r-oriehted d evice is illustrated by the GIVItt program in Figure 3— 
19, where the user has the option of seeing the rather long description of the program or of 
skipping it. Another time-saving device in GIVIL is that the listing of the 14 battles has not been 
made a part of the program run, but has been presented in thestudent materials accompanying the 
program. ^ . * 

•The unit materials are available in **Huntington t Application Programs -Mathematics,'* from Digital Equipment 
Corporation: 

tUnit materials for CfVIL are available from Minnesota Educational Computing Consortium. 
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HUN. 
UANK 



THIS** PiSO GRAM SOLVES THRKK TfPES OF PHOiaURrS: 

<») PArXFTNTS ON LONG TFPM.XDAN_ 
<3) 'DALANCR OF A SAVIVPS ACCD'NT 

WHICH PHOBtEM WO'lCD r^U LIKF tO ^iOHK VlTH <TyP«- i, ? lo 3)?| 
**««« 

THI45 SECTION-WILL bFTFRWiVE THr ACTMAL IVTCpcST YTt pov' 
WHEN v-OlJ fORCHASE SOMFtHlNP jV CHFblT- 

WHAT IS THE CASH PR I CF_ 0 F THF _ ART I CLF < S ) ? /iMO«> . J 
DO»s'N PAYMENT <«)?1S00 - , ' 

NtjMBKR OF i^AYMEVTS EXCLMDIVG TMF DO '.N PAY>1FVT' 
NOMBEH IE- PAYMENTS PEH MOMTH? I 
AMOUNT PEH PAYMENT C5)?3^.'<S 



THE HATE OF INTEREST CHARGED UAS-'<i7.35 



'-W'^P tQi;_LlKE TO Riry TH^ yROGEAM^AnAI\J_tl-Y«'S* d-VO)?l 
WHICH PHOBLEM WOtrLD YDM LI.KE TO WOrt^ VlTH CTYPE \, 'A OR 3)??? 



THIS SECTION WILL DETERMINE PAYME^ITS FOH A LIVP LOAN. 



WHAT IS THE AMOtJNT BORROWED CS)?SFiOO 
, INTEKEST CHAHPEP tX)?d 

INTERVAL BETWEEN PAYL^ENTS- C '^OVT'-IS ) ? 1 
TERM OF THE L'tflM <YEAHS)?3 



AW 



pd-YOO ViSH to SEE THE TOTALS ONLY 
TABLE - CI-YESi 0-N0)?0 



IVSTFAO OF THF «MTlpc" 



onTSTANDi vn 





PJdNCiPAL AT 




pmvCI PAL 




BEGIVNING 


INTEREST nits- AT 


pppaih OT 


PERIOD 


OF PERIOD 


END OE PFRLOO 


Fvn OF pppTOn 


1 


5500 


36.67 


RlP.Oq 


2 


5287.92 


.35.25 


J?13.S 


3 


5074*42 


33.83 


ai4.9^? 


u 


4959.5 


3f!.4 


2 I 6 . 3 S 


5 


4^43* 1 S 


30.95 


R17.8_ 




4425.35 


29. S 




r; 


420fi. 1 


SH. 04 


«ao. 7 I 


B 


3985.39 


H6 . 5 7 


222. M 


9 


3763*21 


25.09 




10 


3539. S5 


23.6 


' :^25.is 


1 i 


3314.4 


»2. 1 


326. *S 


12 


3087.75 


20. 59 


234. I 7 


13 


2859. 5tf * ^ 


19.06 


339. 6D 


14 , 


26P9.89 


1 7 . _S _3 


211. 22 


15 


2398.67 


15.99 


2'«2.76 


u 


2165.91 


14. 


23/1. 1 1 


17 


I93J .6 


12.88 


a3S-«i7 


16 


16^5*73 


11.3 


237.^5 


19 


14S8.28 


9. 72 


23y»Q3 


2b 


1219.25 


8. 13 


«40. 62 


SI 


978.63 


6.S?i 


H42.a'' 


22 


736. 4_ 


4.91 


543.84 


23 


492.56 


3. S8 




24 


24 7.09 




^>47. I 


"TOTALS 




/j7n. 


5*^on 



YOUri MONTHLY PAYMENT U a4«.75 



AND TOTALS * 5970 



Figure 3--18. Sample run of BANK. 
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SEtECTI IsiG dbMPUTER-BASEb INSTRUeTIOIMAL UlSliTS 



RUN 
CIVIL 



DO YOU WANT OESCRI PTIOKS? YES 



THIS IS A CIVIL WAR^SlHULATigfl*. 

to PLAY« TYPE A RESPONSE VHEN THE COMPUTER ASKS* 
RC1EM2;ER that- all factors are INTERRELATEO AlVb THAT YOUR 
RESPONSES- COULD -CHANGS HISTORY* FACTS »1D-F16URES-USSD ARt - 
SASED ON THE ACTUAL OCCURRENCE* _N057 BATTLES^ TEND TO RESULT 
AS THEY DID IN THE CIVIL VAR« BUT IT ALL DEPENDS ON YOU 

THE OBJECT OF THE GAME IS TO ViN AS MANY BATTLES AS POSSIBLE 



YOUR CHOICES FOB DEFDfSIVE STRATEGY AREl 
Cl> ARTILLERY ATTACK 

<8} FORTIFICATION AGAINST FRONTAL ATTACK 
C3} FdRtlFICAt^dN AGAINST rtANKING MANEUVERS 

^41 FALLING-^ACK _ _ 

YOUR CHOICES FOR OFFEXISIVE STRATEGY AREt 
<!> ARTILLERY ATTACK 
<8> FRONTAL ATTACK 
< 3 )^ FLANKIN& MANEUVERS 

(4> ENCIRCLEHIMT - _ 

YOU NAY SURRCNDER BY TYPING AS FOR YOUR STRATEGY. 

YOU ARE THE CTNFEDERACY. 0000 LUCK 

SO>.ECT A BATTLE BY TYPING A fraHBER FllOH L TO 14 ON 
REQUEST* TYPE ANY OTHER NUMBER TO END THE SI^JLATION* 

VKtCH BATTLE DO YOU WISH TO SlMULATET I 



THIS is THE BATTLE OF BULL RUN 

JULYaU 1861 dOI* BEAURlGARD-COHMANOlM«-tHS^-SOUTH_lllT THE 

UNION. FORCES VLTH GEM* MCD^VELL IN A PREMATURE BATTLE AT BULL 
RUN. GEN* JACKSON HELPED PUSH BACK THE UNION ATTACK* 




<r Figure 3-19. Excerpt from a sample run of CIVIL. - 

As a final example, read through the run of program SSINS* in Figure 3-20. _ 

First, the directions f6r running this program and inputting data ar^ clear and thdrdugh. The 
device of giving examples to illustrate directions is effective for precluding errors. The incompre- 
hensible codes used in the program are acceptable in this instance because the program merely 
does the calculations for the Inter-Nation Simulation. The materials for the Simulation provide 
the necessary background information and all the abbreviations will be familiar to the students 
working with it. _ _ _ _ _ 

Now, considering the style of the program, what did you think of the way the computer 
responded to the user? Did it seem somewhat coy or condescending? In considemtion of the user, 
and of time, programs usually do well to omit cute or clever remarks which, though fine for some 
users, may offend others. In addition, it is probably wise not to lead students to believe computers 
have personality, emotions, or a sense of humor. 

As an exercise, rewrite the first section of the SSINS output down to the first data entry 
(line 16). 

Examine the sample units you are using and rate each program on its user-orientatidn. 
Record your rating, from 1 to 4, on the decision t$ble on page 105. 



*The SSINS program was developed by Southern Minnesota Educaflohal Computing Consortium. 
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RUM 

ssms 

WHAT IS yqUK NAME 7MICHBLLE 
DO XPU IMSTRUCTIP>LS MI^^^^ 

UNIVAC I100A_WlLt HEtP YQU MAKE THE CALCULATIOMS THAT 
you WItt MEED TO PtAY IMS WE3CT PERIOD. YOU MUST HAVK yoHR 
MAIM DECISCIOM FORM CMDFK COMPLIED AMD WITH YQU MOW. 
HAVE ITHAMDY BECAUSE I DOMTUlKE. TO WASTE-TIME, 3RIMP 
THE PRIMT dUT-TO- CLASS AM D^ HAVE YOUR j^JST EXCELLEMT AMD 
OUTSTAMDIMG TEACHER O.K^ IT BEFORE YOU BEGIM THE MEXT 
SESSIOM. DO MOT USE COMMAS WHEM IMPUTTIMG MUMBERS IM 
THOUSANDS. EXAMPLE-- 20000 

iMTER_ALLL_PERCEMTAGES AS DIJCIMALSW EXAMPLE. FtMTSTR l'. 7* 

AS _THE DECIMAL i0I7i 

ARE YOU READY ?YES « 

^Opl WE S0CIAL_SCIBNTISTS_ALWAYS TRY TO BE READYI 
fNTEB_DL* FCC* FCM> BC-DF-BCi. BC-DF-M* AMD BR FROM MDF 
7 4* 500p> 4 1 0# 50# 300* . 9 5 

MOW ENTER POP* iPOP* UC* DR* BC* PERIOD* AMD MATIOM 
FROM MDF _ '_ 

7 183,7*.bl7A297.2i*J0*5I870* 1*BIMC?3 I 
MOW ENTER BUDGET ALLOCATIOMS FROM THE MDF* CIX* CSX 
,FC%> RDZ* AMD DLt 
? • i^"* • 73^ • i' "03*0 

MEXT EMTER_BR- IMP* BR- EXP* UC- IMP> tTC- EXP* CS- IMP* CS-KXP* 

FROM. THE MDF 

7.pi>0*0i3*0*0 

MEXT ENTER FCC-IMP* FCC-EXP* FOSF- IMP* FCM-EXP 
70pP*0*0 

aiMGO HA^ _ 5187 BC S TO ALLOCATE FOR FC 

ENTER AMOUMTS IM BC FOR FCC* FCM*BC-bEF-BC*BC-DKF-V 

72500*2500*187*6 

ENTER MIWBER OF FCM PRODUCED WITH 2500 BC S 

7625 

THESE ARE THE CHARECTERI STI CS-^F BIM60 FOR PERIOD 2 

DS- 20.6125 
DLi ^ 
FCC- 7000 
FCM- 625 
BC DEF BC- 234.5 
BC DEF Mi 285 
BB- ,96 
POiPULATIOM- _ 1S6«SS3 
POP. GROWTH RATE- .017 
DC- 305.968 
DR- .1 

DOES BIMGd HAVE A LOAM_FROM THE W. B. . . . 1 -YES* 0-MO? 0 
BC- 54875^4 

DO YOU HAVE ANYMORE MDF S TO FJ GURK. . li YES* 2-VO? 2 
IT HAS BEEN FUN WORKXMG WITH YOU MICHELLE • GOODLUCK 
IM THE MEXT IMS SESSIOM I 

DOME 



Figure 3-20. Sample run of SSINS. 
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4. VBridbfes ebh&bnabfepy User 

it is important, particalarly in learning experiences designed to promote **discbvery," that 
the user be able to fhanipulate the critical variables in the program. Especially with simulations 
arid prcMem-sdlvihg units, the student should be able to ask freely the questioii ''what if . . 
and change the vdlues of variables to explore that question. In addition, the teacher dUght to be 
able to change the value of the parameters easily, or set limits of the program, to acconiriibdate 
the, varying needs and abilities of students. _ __ 

If a program is a rigid, inflexible package, which the user can interact with only in a prede- 
termined way, its usefulness as a teaching tool ij severely limited. An example of the opposite is 
BALPAY;* a sample run of which is shown in Figure 3-21. The student is asked to control the 
values of /four variables: - 

1. Taxes^ori investments abroad; 

2. [ Tariff rate; 

3. j Government spending abroad; 

4. Prime interest rate; 

By varying the values, the student is to discpyer the relationships between the variables and the 
Intemaliional Balance of Payriierits."(Nbte: Wisdorii ^nd efficiency would suggest that only one 
variafclel at a time be manipulated, with all others remaining constant, in brd^r to get a clear pic- 
ture of the effect of that variable in the model.) The teacher may change some limits of the pro- 
gram to! make the game easier or more difficult, depending on the sophistication of the students 
using it. jThe teacher may change: 

1: The number of years in the time limit; 

•2. ' The value of the ratio used to determine win/lose (set at +.03 in the example). 



Ral(^ the unit 3ALPAY according to the number and the utility of variables that are directly 
cbritrollal^le by the user. _ - 

For further practice in evaluating the use of variables in typical units, obtain sample pro- 
gram runslfor the units you are using with this course. Rate each one's use ©f variables on the 1 
to 4 scale a^d record your rating on a decision table like the one on page 105. 

5. OptTons for Use 

Often, y sin^e unit is more useful to a teacher if it can be used to achieve several different 
(but related)\sets of objectives, or if it can be used in more than one setting. Examine the materi- 
als for the URBAN CRIME UNIT (or some^other unit) to detennine what options are offered, 
then compare the available dptidns with thdse of the other units you are using in this- course. 
Rate each on its use of options and record the ratings on your decision table. 

5. Time and Cost o f Using 

Time and cdst are multlfaceted variables. First, there is the straightforward central processor 
time used in ruririing the program. This figure can Usually be obtained by funning the program 
and then signing off the terminal. The computer should automatically print the CPU time (in 
seconds) used before siting off: From this figure it is usually fairly easy to compute the cost of 

*Available in "REACT Social Science Application Units," from Tecnica Education Corporation. 
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RUN- 
BAlPAY 

DO YOU mi A oescp:pt:on of this game^yes 

THIS COMPUTER PROGBflM IS A DECISION «6Ki«C CfiME. 
yOS -PART iN-THE GAKE fi THAT OF OEClStOM MAIMER 
rOR m COUNTRY. ASSUME THAT THE COTOY IS CURRENTtY 
I N fl. VERY POOR. nAUNCE-OF-PAYMENTS-POSiTION.- ^OUR 
ORJCCTIVE IS TO MAKE DECISIONS THAT ULl, GIVE THE 
COUf^TRY A'HWLm BflWNCE OF PAYMENTS POSITION yiTHIN 4 YEARS* 



RALAVCE STATEMENT IN HIUIOVS OF DOLLARS ■ YEAR 0 



INFLOVS 

EXPORTS . . .GOODS i. SERVICES 
EXPENDITURES-FOREIGN TOURIST 
NCOHE INVESTMENT 



i |9 U73 
S 2 153 

* 96a 



NET NFLOW ! 2212fl 



bUTFLOlS ■ 



IMPORTS GOODS i SERVICES 
EXPElmTURFS-TOUaiSTS-ABftbAD 
FORKIRN AID * MILITARY AID 
INVESTMENTS FOREICN 

MET OUTFLOl' ' ^ j>7f)nl 



18 

I'MO 
2 375 



NKT SIJRPLUS(4> OR DFFjpiT(-) -4873 
* 

\'ET SURPLUS OR DEFICIT/NET INFLOV %23 



flS-YflU CAN SEE FOR m STATEMENT /^OOVEi OUTFLOW 
FKrFFOJVFLOV^BY.6 S0B5tflNtlA[..AMOUNn.-Y0UR GOyNTRY 
IS IN A-SERIOUS DEFICIT POSITION. SHOULD THE DEFICIT 
CO'JTINUE FOR LOVri YfiUR.COUNiRYJS GOLD RESERVES-mD-- 
RK-D^PLFTEe.- -ALSO 70G MUCH. OF YOUR COUNTRY'S RESOURCES 
AND PRODUCTION ARE PROHARLY BEING SENT OUT OF THF^COUNTHY 

FOR-THE. PURPOSES-OF-TH^S-GAMEr-A- 'HEALTHY ' BALANCE OF 
PAYMENTS POSITION IS DEFINED AS ONE IN IHICH THE OkuE 
OF TyE-"RAtiO*-'NET SURPLUS OF DEFIGfT/NET lNFLOl' 
PETUFEN THR VALUES OF -.03 AND .03 .NOTICE 

THAT THE CURRENT VALUE OF THIS RATIO IS ^.23 



I 



ENGLAND HA5-REVALURD ITS CURRENCY. THE ENGLISH GOVERNMENT 
nU' NOW PUHCHASF AND SELL GOLD' FOR 5. SBIUiNGS-MORE AN 
OliMrE- -THIS-«OVE iN EFFECT HAS INCREASED TH^ VALUE OF YOUR 
CiT^PlMCY RELATIVE TO. EVGUNO^ GOODS. MANUFACTURED 

|IN YOUR- COUNTRY ARF.-»»OV-HORE EXPENSIVE TO THE ENGLISH 
PEOPLE AND ENGLISH GOODS ARE LESS EXPENSIVE TO YOU. 




ENTER YOUR POLICY DECISIONS FOR YEAR. 

VHAT PERCENT CHANCr DO YOU WISH 
IN TAXES..ON.INVES;f^ENTS ABR0Ab?3 ■ 
IN TH^TARTFF RATE7<ir5' 
IN GOVERNMENT SPENOnitAWb^S 
IN THE PRIME INTEREST RATE?. 5 



BALANCE STATEMENT - YEAR 



INFLOWS 



EXPORTS' ■ J IR 090 

EXPENDITURES < R Ijf) 

iNCOMe % 'fl7b 

NET INFLOU f Yim 



OUtFLbUS 



IMPORTS S IS 746 

EXPENDITURES ? 1. 59R 

FOREIGN AID S A 507 

INVESTMENTS f I 899 

NET OUTFLOW « {>3750 



? DIFFERENCE -P.m 
i biFFFRENCE -Wi 



THERE HAS REEN A REVOLUTI0N_|H PERU* THE.NEi 
GbVERNKENt HAS TAKEfi OVER ALL-OF tHE 'INDUSTRY CONTttbLLED 
BY FOREIGN INVESTORS. ALSO HARSH RESTRICTIONS HAVE BEEN 
IMPOSED ON IMPORTS FROM YOUR COONTRY. 



ENTER YOUR POLICY DECISIONS FOR YEAR 2 

VHAT PERCENT-CHANGS-OO-YOU-VISH - 
IN TAXES ON INVESTMENTS fiBR0AD7-5 

\H the TARIFF RATEW- 

IN GOVERNMENT SPLNDING ARR0AD?5 ' 
IM THE PRIME INTEREST RATE7-.4 



BALANCE STATEMENT - YEAR ?. 



INFLOWS' 



EXPORTS ? 18 165 
EXPENDITURES ! P. m 
INCOME y 901 

MET INFLOW % PWH 



Figure 3-21. Sample run of BALPAY (continued on next page). 
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OUTFLOUS 



fMPGRTS I U 958 

FXPFf|DITUPE5 ! I 639 



mmi OF THE REUXHC OF TEMS19H5 IN THE MIDDLE EAST 
miQUm.HAS 0EC1D5D TO.DR.I.NC HOKE 75»005 TROOPS 
m STATIONED OIJTSIDK OF THE COJOY. 



ENTE^^ YOUR POLICY OECISlfONS FOR YEAH 3. 

mi PFRCFNT CHANGE DO YOU MSN 
n TAXKS ON iVVFStMENTS flflfiOAmSi 

ybuR-POUCY i)Ec;5ioii^io6-b^ '^dOld 

CAUSE StRIOUS RCOMOmC PROPLFMS YOUH COUNTRY 

FNTEn mim ofcimon. 

IN TAXES ON INVESTMENTS mmib 

IM m.TASIFF _ 

IN nOVERNMENT SPF^DINC APR0AD?'7 
if) THE PRmE iNTEREST RATE?!) 



PALANftK STATEMEJJT ' YEAR 3 
INFLOUS 



EXPORTS S IM7( 

EXPENDITURES I 3 \th 

im f 851 

NET I^aOU t 



OOtFLOWS 



IMPORTS $ If! 335 

EXPENOITUBES \ 1 ^4 

FOREK»f*-AID » A 353 , 

IMVE5THENTS $ 1 73$ 

•NET OUTFLOV % 2S9B7 



\ OIFFEREMCE -ASAO 
X DlFFEiiENCE 



ENTER .YOUR POLICY DECISIONS FOR YEAR A 
WHAT PERCENT CHANGE 00 YOU WSH 

IN TfijrES.oiiNVEsms mmh 

IN THE TARIFF HATE?2 

n GOVERNMENT SPENDING" ABRdAO?d 

n THE PRIf^E INTEREST RATE7.3 



RALANCE $TATgME?lT * YEAR A 



INFLOWS • 

Exp-Oiiis-- - - ig 

■ EXPENOITUKFS ,5 2 lOfi 
IMCOHE- , % m- 

NET INFLOW * 210A0 



0UTFL0V5 



|KPORT$ 
EX?ENblTliP.ES 
FOREIGN AID 
iliVESTMENTS 



I )7 074 

$ I 53^ 

% A 353 

t i |92 



NET OUTFLOV % 24156 



f DIFFERENCE -3116 
X DIFFERENCE -*1S 



UNFORTUNATELY YOU HAVE NOT RESTORED THE COUNTRY TO 
A HEALT«Y SALANCE-OF PAYMEJlTS-POSIIlON-iN-fHrTlKE. 
ALLOVEDi YOU SHOULD RETHINK YOUR STRATEGY BASCC ON 
THIS EXPERIENCE AND TRY THE CAME AGAtN. . 



DO YOU WANT TO TRY THE 'CAME AGAIN NOy?NO 
DONE 



Figure 3-21. Contted. 
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computer time involved in running the program. The cost per second, which varies from com- 
puter to computer, can be furnished by your local computer expert: A typicaj CPU time is illus- 
trated below': ^ 



aim 
ipss^a 



StUDEMt 



AVERAGE RATIO 
MEAN DEVIATION 

tXMEl 0*439 SEC* 
READY 



»44 
• 025 




tt-showiiig 



In addition to CPU time, you will" be concerned with terminal time— that is, the amount of 
time students must spend at the terminal to make the required program runs: Some unit materials 
specify this; if not, you can find out by running the program yourself. Besides these simple 
figures, you will want to estimate the teacher and class time a unit will involve, including your 
preparatory time; the class , time involved in preparatory activities; Actual use of the unit; arid 
follow-up activities. You may be able to determine the dollar cost of this time. 

To evaluate the time and cost factors, you will probably find it sufficient to add together 
the computer, terrninal, and teacher-class time (and cost). You can then reassess whether these 
are reasonable and whether you have enough time and money to use the unit. If the totals are 
inordinately high compared to other methods of achieving your instructional objectives, you may 
very well rank the unit quite low.* 



Making the Final Decision 

Once you have rated a unit on each of these six criteria plus those you have added, you are 
ready to make your final decision. In most cases, even with all the quantitative data you.have 
collected, the ultiinate decision still will be largely subjective. 

For example, you may have the rating record shown in Figure 3-23 for units that teach one 
particular skill;.. Althou^ Unit 6 has the hi^est total points, you might decide to use Unit 2 in- 
stead because of its superior eriL ncement qualities and its better tittie/cdst rating. Of, you might 



♦Until you >:an check with someone. familiar with your school's computer system^you wUI probabjy not be able to 
estimate lime and cost for the sample Units you are Using with this course; therefore, omit trying to rate units on 
this final variable for now. 
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Figure 3-23. Sample preliminary and final decision tables for seven units. 

feel that the student-proof and user-oriented qualities of the Unit 2 grogram are just as important 
as enhancement, tune, and money. 

" To help you make ciosle derisions in a more objective way, you may go one step further in 
yduf selection pfbcedufe by assigning wei^ts to the evaluation criteria, according to your own 
preferences and priorities. Decide the relative importance to you of each variable arid theri assign 
to each a value that reflects the iriiportance of the criterion. A simple way to do this would be to 
assign wei^ts as percentages, totaling 1 00%. The wei^ted score for each unit will nqt only re- 
flect the unit's strengths and weaknesses but also reflect the unit's relative worth to ypu according 
to yduf own priorities. 

Figure 3^24 is a sample decision table for selecting your ov/n computer-based instructional 
units. ' 

i 
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Figure 3-24. Sample decision table. 
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PREFACE 

The articles comprising Chapter 4 were written cspeciSly for th^s Gomputer Technology Program 
course by authors experienced in using and/or develdping computer-based instructional appHca- 
tibns. Each article discusses the current instructional applications of the computer in the author's 
subject area, with the primary focus in most cases on the first five instructional riipdes described 
in Part I: drill, tutorial, problem-solving, data analysis, and, simulation. Each artttle concludes 
with a complete bibliography. 

The articles reflect computer usage in many subject areas, but they by no means exhaust the 
range of use in the modern curriculum. In all, they provide a synoptic view of computei^ in class- 
rooms today which suggests the exciting avenues this technology is opening to students and 
teachers alike. 
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INTRODUeflON TO COMPUTERS IN THE CURRICULUM 
by Danier 1. Klassen 



BACKGROUND 

In 1969 the American Institute for Research (AIR) 
conducted a' survey of secondary schools in the 
United States to determine the current and antici- 
patej future use of computers as administrative and 
instructional tools:* The study found that approxi- 
mately 15 percent of the schools surveyed used com- 
puters in the instructional process, with the majority 
concentrated in the Western, North Central, and 
Northeastern regions and Oklahoma and Texas in the 
South. A follow-up study by AIR in l975t found the 
. cdhcentratipn to be essentially the same, with the 
largest numbers clustered in the Western, North Cen- 
tral, and Northeastern sections and in Texas, as shbwn , 
bh the map in Figure 4-1. 

The results oT both surveys were used to project 
future use. The 1975 projection, shown in Figure 4-2, 
estimates that by 1984 half of the secondary schools 
in the United States will be using computers for in- 
structional purposes. 5 

There is considerable evidence to suggest that 
this projection is accurate. One rneasure is the in- 
creased sale of computers to schools. All of the com- 
puter manufacturers that attempt to sell to the 
educational market report expanding sales in the 
secondary schoormarket. Much of this increase is due 
to Se reduction* in cost of the minicomputer, and 
mp^e recently the microcomputer, making it possible 
for a single school or school district! to lease or pur- 
chase a computer. 

Another me^ure is the increase in the number 

♦Charles A: Darby, Jr:, Arthur L: Korofkih, arid l^riia 
Kbrn^hko, The Comjjut^^^ Schoqis: A 

Survey, of its Instructiomi and Administrative Usuge. 
Kew Yofk: Published iri cooperation ^th the Ameri- 
can Institutes for ; Research. Washington Office, by 
Praeger Publishers, 1972. 




Figure 4-1., Geographic distribution of instructional 
users in 1970 (area shaded by lines) and in 1975 (area 
shaded by dots). _ , 




Figure'4-2. Growth oL-the use of instructional com- 
puters in secondary education. ^ . 



tWilliam J. Bukoski arid Arthur L. Koratkiri, Compu- 
ter Activities in Secondary Education: Finai Report, 
Americari IriStitute for Research, September 1975. 
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Figure 4-3. Types of computer application by subject matter, 1975*. 



of time-sharing cooperatives and networks. A time- 
sharing network consists of a number of schools 
sharing the same computer via telephone lines? Time- 
/sharing netwbrlcs ha^ been organized by computer 
manufacturers, by independent commercial organiza- 
tions, and by the school districts themselves. 

f*fqbably the most obvious measure is the growth 
in^ the development and availability of computer- 
based instructional applications: A large volume of 
computer-related curriculum materials has been pro- 
duced by federally funded projects, by the computer 
manufacturers, by private publishers, by college and 
universit>^ staff, and by individual teachers. 

Along with the increased availability of com- 
puters in the schools has gone an expansion of the 
subject areas using Uie computer to support and en- 
hance instructibh. Figure 4-3 shows the distribution 
of curric.ulum applications across subject areas. These 
1975 AIR survey data indicate that while the most 
extensive use of the computer continues to occur in 
mathematics and science, the computer appears in 
restriction in a wide variety of other subject areas. 



The Future 

It is probably still true that most educators are 
Unprepared to deal with the present realities of com- 
puter technology in education, much less to evaluate 
the probable future realities or to participate in de- 
signing alternatives or defining what the computer 
should bepome for education: Anthony Oettinger; in 
his book; JRun, Computer, Run, writes that "massive 



*Bukoski and Korotkin, p. 25. 



education and re-edUcatioh will become necessary to 
produce a breed of teacliefs who can feel at home 
with technical devices. "f THe need for education 
of educators with respect to computer technology 
was also pointed Up by a George Washington Uiiiversi^ 
study of problems associated with the effects of com- 
puter technology on education; which recommended 
that "schools of education and other teacher training 
institutions and agencies be assisted to improve their 
familiarity with and investment in the use^of the com- 
puter in education .^'t Dr. Sylvia Charp made a similar 
point befbre the IFIP World Conference on Computer 
Education when she said: 

ptie prbblerh facing desi^ers of educational ih- 
formalion systems is that educators tieed to 
become better informed to understand and ef- 
fectively apply this emerging technology . . . . 
In the hands bf khdwJedgeable people, today 
com puter becomes a Powerful^ tool that can be 
used to handlef" problems of great volume and 
complexity in attacking educatibnal problems. 
Educators must begin to uhdeFStahd the capa- 
bilities qf the computer, and plan ahead for its 
use.** 



t Anthony Oettinger, with Sema Marks, Ruh» CompU' 
ten Run: The _ Myth olQgy xfjf Educational Innovation. 
New York: Collier Books, 1969. 

^Education in the 70 's: A Study of_ Problems, and 
Tssues Associated with the Effects of Computer Tech- 
nology on £</ucj/ip/2. Washington, D.C: George Wash- 
ington University; 1967. 

** Sylvia Charp, "Computer Technology in Educatio n- 
How to Make it Viablel" World Conftrence on Com- 
puter Education. IFiP 1970. 
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In the case of educators, ignorance of computer 
technology breeds vulnerability and places the des- 
tiny of education at the mercy of the technologists. 
There then enters the risk that the technology will 
shape education, whereas in fact education should 
shape the techriology to suit its needs. 



It should be emphasized that the need iS not 
simply one for training educational personnei to use 
whatever technology comes down the educational 
road; the inherent dangers in that approach could be 
fatal for education, instead, educators must learn to 
be active participants in the decisions about both the 
"becoming'* of technology and its implementation. 
As Emmanuel Mesthene observed, "What is good for 
the educational technologists is hot necessarily good 
for education.'* It is the job of the educators to deter- 
mine what is good for education and then to bring 
techriology to bear ori that deteirninatibri, if arid 
where it is appropriate to do so. But the techriblogists 
are already knocking on the schbblhduse dbbr, and 
Unless the educators become educated, they will be 
Unable either to evaluate the uses competently oV to 
use them appropriately. 
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GQMPyTERS iN ART EDUGAtlQN by Peter byhh Sessions 



INTRODUCTION 

Instrijctidh in aft is designed to foster the develop- 
. meht of specific artistic skills and techniques; impart 
knowledge of important terms, cdnciepts, and histori- 
cal developments in art; and enhance the appreciatiori 
of works of art. 

The development of such skills as pencil draw- 
ing or welding requires knowledge (how to select 
materials* for example), frequent chances to observe 
the work of others, timely guidance, and much prac- 
tice. The student's goal is to master or explore the 
effects available with a giver me-ium, learning at the 
same time to express a personal style. The goals of 
the teacher in this area might be to encourage stu- 
dents to experiment, and to transmit the techniques 
and standards of excellence of previous master artists 
and teachers. 

Knowledge of terms and concepts in art (per- 
spective, still life, geodesic) arid of historical develop- 
ments (chiaroscuro, impressionism, Braricusi) is 
acquired .through direct visual experience arid discus- 
sion relating the work of art to coricepts arid histori- 
cal patterns. Thie stiiderit niay wish to rii aster of 
encounter the language of art, aft history, and/or art 
cfiticisfn; it includes many terms, names, conceptual 
structures. In the rialm of art ihstfuction, the teach- 
er's goal might be to provide as wide a selection of 
important areas of art knowledge as possible and 
present them in ways that facilitate exploration and 
mastery: 

Art appreciation includes instruction in the 
areas of skills and knowledge discussed above; an 
awareness of how a work of art was produced (tech- 
nique), together with a knowledge of the artist and 
period (terms, concepts, history), are part of what is 
corririipnly meant by appreciation. Also included 
mijht be studies of the physiological and psychologi- 
cal bases of^ visual experience: figure/ground relation- 



ships, closure, contrast^ apparent size, and so bri. The 
student's goal might include the develbpmerit or justifi- 
catibri of a preference Tor certain styles or artists, 
through an uriderstaridiiig bf the processes of art. The 
teacher's goal might be to pirbvide the student with a 
wide and compfehenisive basis forjudgiiigwbrksbf art, 
including the student's own productions. 

In summary, a practical aft cufriculum devel- 
ops skills through personal guidance and opportunity 
for practice; Ait instruction also seeks to place before 
the^student a wedth of direct visual images and a 
number of symbols (terms, concepts, and so on) with 
which to interpret the images. 

Let us now consider some of the features of 
the computer that might suit it for the art curriculum. 
The computer is a device for manipulating symbpls— 
numbers, letters, words. The user must learn to en- 
code a syriibolic representation of his problerr or to 
use representation encoded by someone else. In 
additibn, the user needs to learn how to decode the 
results^ 

The symbolically encbded form of a problem or 
prbcess is a program. Coriijjuters in comriion use in 
educatibri today cbn tain a special memory to store 
programs. Several types of educational programs have 
been described iri Chapter 2, 

brill and practice programs 
Tutorial programs 
Problem-solving programs 
Data-processing programs 
Simulations or games 

We shall apply sach of these prbgrarii roles to art. 

The input/output devices (or peripherals) are of 
especial interest in the art curriculum, since they pro- 
vide the means for translating the images wliich are a 
basis of art instruction into the symbols to be used by 
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the computer. The output device detemiihes the 
quality of the image which the computer process may 
directly pcoduce. The production of direct images 
(computer art) is an important area for development 
in art instruction: 

the Teietype terminal may make use of its 
characters (capital letters, numbers, many special 
characters) to form images: (The standard Teletype 
output is like that of a pica typewriter— 10 characters 
to the inch horizontally, 6 lines to the inch vertically.) 

The cathode-ray tube (CRT), essentially like a 
TV screen, displays user input and computer output. 
The format of the display is just like the teletype or 
pica typewriter^d the allowable characters are those 
of the standard Teletype, although some CRT displays 
allows lower-case alphabet letters^in addition. Unlike 
the Teletype, letters cannot be overprinted on the 
CRT to form new characters; previous images are lost 
to view. A cursor (usually a blinking point or line) 
iridicates the position of the imaginary printer as it 
"types" each character. Output rates of 30 characters 
per second are available. A range of interesting graph- 
ics experiments is possible with the CRT display 
terminal. 

The XY Plotter, another useful peripheral, con- 
sists of a frame holding a piece of paper (a couple of 
feet square) and supporting a penp ^int so that it is 
free to move in two dimensions at rigjit angles to each 
other in the plane of the paper. The dimensions are 
labeled X and Y. Each dimension is divided into a 
large number of "points," amounting to print posi- 
tions jujt as on the Teletype; on the plotter, however, 
there are 50 to 100 positions per inch. Each possible 
position on the paper has both an X value and a Y 
value that uniquely locates the point in two dimen- 
sions. As the pen point is moved from position to 
position, it leaves a continuous trace or line. With the * 
plotter, continuous curves are possible, arid colored 
inks may be used. 

The computer may also be programmed to out- 
put through a higli -speed line printer: I have encoun- 
tered a number of interesting images produced on 
line printers: One, a striking representation of the 
Mona Lisa, was best viewed from a distance of about 
six feet. Line printers are rare in school settings at 
present, although they are commercially av^lable. 

The Turtle* is a small motor-driven robot which 
can be connected to the computer. It has a retrac- 

*See Part I, p. 21. 



table peri so that it cari leave traces as it riibves over a 
flat drawirtg surface (flbdr, etc.) whose diriierisioris are 
limited drily by the lerigth of the cord cdrinectirig thie 
Turtle arid the coniputer. The rridvenlents are prd- 
grammed. Turtles are not yet comiridri iri schddl 
settings, although several varieties are sold today. 

The peripheral of the future art course may use . 
a hglit pen to stimulate the CRT screen directly: 
Other advanced techniques for "sketching" or for ani- 
mation may be commercially available in a decade or 
two. 

With this range of graphics devices in mind, let 
us consider the roles of the computer in art instruc- 
tion. 



USES OF THE COMPUTER IN ART INSTRUCTION 
brijj and Practice 

The most obvious approach to art instruction at 
this level is in the area of knowledge of -terms, facts, 
concepts— what we earlier termed the language of art, 
especially art history and criticism. With the program- 
ming languages now in use, a variety of objective test 
items (fill-in, multiple choice, etc.) can be con- 
structed, in the context of secondary education, this 
role might be described as "Self-tester," provided the 
answers are given. A well-written art drill program 
would be in demand by students. 



Tutbriat 

Simple languages are increasingly available, for 
questiori-answer type programs with varyirig levels of 
complexity. A preserit-day teacher can (without too 
much trouble) learn to write fairly cdriversatidrial 
branched tutorials. 

Tutorials which include the special graphic 
abilities of the CRT or plotter, however, are rare, bne 
such program displayed CRT pictures of the hand 
positions used by deaf persons to represent speech. 
The images were distinct althou^ quite small: Jhe 
student was asked to identify the alphabet letter cor- 
responding to the hand position pictured, within a 
given time limit. It is admittedly a long way from 
such a development to a computer-directed drawing 
tutorial. A great many interesting art-knowledge tu- 
torials could be designed with current equipment, giv- 
en the right combination of teacher iand programmer. 
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Prciblem Solving 

The role of pfbblem solver overlaps with that of 
data analyst in the fieid of art instruction and re- 
search, since data analysis is one of the main ways in 
which the computer solves problems in the field of 
art or art instruction: Consider such questions as: 

(a) What clues or essential features do we use to 
identify human faces? 

(b) How do you tell a real masterpiece from a 
masterly fake? 

Such questions are now the subject of intense research 
by art experts working closely with computer experts. 
Their "solution" by students would increase tremen- 
dously their understanding of this growing field of 
scholarship. 



Data Analyst 

One of the main problems of the computer data 
analyst is formattirtg the output, after the computer 
has perfornled the arithmetic. Arranging the output 
so as to speed up the interpretation of the results is in 
some ways an artistic-or at least graphics-problem. 

Turning this idea around, we might say that the 
data are a symbolic representation of the output 
image, be it a table of numbers, graph, geometric 
design, or portrait: Programs which "translate" data 
into images currently exist in two or more forms. (1) 
They are programs that produce the same image each 
time they are run. For example, a visitor to almost 
any educational computer facility will encounter one 
or more of the dozens of variations on Snoopy, the 
cartoon character. Many of these programs have been 
written by students in problem'Sdlving mode. (2) Pro- 
grams exist which allow the data to be changed from 
one nih to another. Such programs, are true transla- 
tors. Many allow the data to be entered by the user 
from the terminal while the program is running. 

SimalatiDhs and Garnet 

Many of the program types discussed above 
may be simulations in addition to their primary appli- 
cation. For example, a translator program which pro- 
duces a picture upon receiving a set of data from the 
terminal may be viewed as a simulation of a program- 
mable graphics computer. (The idea of using one 



computer to simulate another computer rhay Jeeiti 
strange, but is is common cbm|}uter practice.) Thus, 
many of the programs and problems I discussed pre- 
viously could serve as bases for simulations. Let lis 
look briefly at one interesting area libt discussed 
above. 

the production of animated films is an absorb- 
ing problem for artists and art students. Fuii-scale 
graphics computers capable of generating animated 
sequences ire now too rare and expensive for use in 
the schools except on an experimental basis. Simple 
animation techniques, however, can be simulated on a 
common CRT display; the higher the character rate, 
the better the result. Programming animated sequences 
for such a medium could be tedious for an individual, 
less so for a tearri of students. The following type of 
prbgrammihg task would also be a problem to solve: 
How does a television or similar device produc.e con- 
tinuous, apparently moving images? 



CONCLUSIONS 

We have reviewed the use of the educational compu- 
ter as an artistic or graphic medium to the possible 
exclusion of other applications in the art curriculum. 
There are two main reasons for this choice of empha- 
sis. First, purely cognitive problems are relatively rare 
in art instruction: A^s indicated in the introduction, 
most of the learning is achieved through a combina- 
tion of viewing or experiencing works of art directly, 
with the simultaneous (or nearly so) presentation of 
their syjmbolic Interpretations. Presentation of verbal 
rriaterial is commbh in computer instruction. The 
production of images, of especial interest, to art 
ihstructibri, has" received less attention. Second, 
cbmputer'assisted or augrriehted art instruction, must 
be relatively rare iil tbday's schbols. Since most con- 
crete applications lie in the future, it seems appirbpri- 
ate to emphasize the cbmputer technblogy bf the 
near, and not-so-near, future. Computer graphics de- 
vices wi 11 be more available in the future than they 
are now| many are still in experimental stages in the 
laboratory or in selected school settings: Indeed, one 
couid predict that computer art instruction will re- 
ceive serious consideration from teachers and students 
only when interesting computer graphics devices 
become much more common thart they are at the 
present time. 
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COMPUTERS IN THE BUSINESS EDUCATION CURRICULUM 
by Eugene Muscat 



IIMTRODOCTION 

This article describes many current and projected uses 
of computers in supporting business education curri- 
culum: Business education, as used in this discussion, 
includes all business subjects: Traditional courses 
such as bookkeeping, typing, and secretarial science 
receive as much attention as the more recent addi- 
tions—keypunch operation, computer programming, 
uud word processing. 

For business education this is a time of change: 
Several current trends should greatly affect computer 
use: 

1. The emergence of ihdividuaUzed instruction 
and new teacher roles. Computer-assisted in- 
struction is an excellent addition to the learning 
mix when students are free to explore new 
concepts. 

2. Emphasis on compe tency -based curricuJum and 
accountability. The ability of the computer to 
analyze, diagnose, arid prescribe should be part 
of any rheasUremerit of evaluation process. 

3 . Development of fegionai occupational programs 
(county support): New funding structures make 
it possible to develop "hands-on** programs 
using computer equipment: 

4: Technological advances. Computer equipment 
has become less expensive and far more mobile: 
Where students formerly went to the computer, 
the computer is now coming to them by way of 
terminalsHinked wUh phone lines. 

Because of such developments, opportunities for 
computer-assisted instruction, computer-managed in- 
struction, and han^s-on computer operation are 
greatly enhanced. The current trends are moving 



business educators to explore the capability of com- 
puter equipment and point the way toward greatly 
expanded Use. 

increased usage logically raises questions about 
the computer as an iristructional tool. To make equip- 
ment acquisition ecdndmically feasible, we .need to 
consider the multiplicity of functions the coinputer 
can perform. Those interested in the computer as a 
teaching aid often have-not experienced many of the 
computer*s potential uses, so that projects can mis- 
represent costs and hamper utilization Avithout an 
expanded view of the computer*3 instructional 
capabiiities: 

From the very start; a computer project in 
business education should include three uses: 

1 . As the object of instruction ; 

2. As the means of instruction ; 

3. As the manager of instructipn. 

Iri brief, the character arid nature of the first 
two functions of the computer, as I observe them in 
business education, are as follows: 

THE COMPUTER AS AN OBJECT 
OF IMSTRUCTiON 

The entry of computer terminals can provide an excel- 
lent tool for^ occupational preparation in several new 
areas. 



Key Entry 

'The existence of computer hardware in a school 
provides an opportunity to give hands-on training that 
should not be overlooked. Projections indicate that 
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ihe largest growtli area c)rcicricai enipioyment in the 
years to come will be in the area of key entry. Numer- 
ous p ograrris can be develojDed (much like keypunch 
programs) to train students in the skill of key entry 
from terminals. Simpile test routines that simulate the 
operation of an airline reservation system, an accounts 
receivable input system » and a ticketing reservation 
system jDrovide excellent training for students who 
rnay enter the clerical fiield as data input clerks. 

Simple prbgrarris have been developed that al- 
low students to type iii strings of information under 
various tiriie constraints (VERIFY).' The computer 
win analyze the string according to predetermined 
criteria and individually tell the student his number 
of errors and speed of data input. 

Word Processing : 

Because of' the entry of various automatic type- 
Writers and automatic transcribing equipment, com- 
puter terininals can expose .students to the nature of 
such automa,ted equipment as aUtorriatic typewriters, 
automatic typesetters, arid test editirig niachiries. Pro- 
grams can be written using i standard Teletype arid a 
digital computer to simulate the operation of these 
machines (MTST).^ A student can be given first a 
standard letter to enter and edit on the computer ter- 
minal, then various inside address lists. This simulates 
a commercial computer-generated mailing project: 

Computer Programming 

The emergence of small standalone computer 
systems and programmable calculators has made on- 
line programming a valuable tool to a student enter- 
ing the business field. He can readily learn to write 
programs in languages like BASIC by using on-line 
computer tcrriiinals. 

Studerits should be ericouraged to support regu- 
lar classroom instruction in accounting, clerical 
record-keeping, sales, and so on by automating many 
of the clerical tasks. They can use keypunch machines, 
card readers, and batch processing, as well as on-line 
key entry: On-line capability developed in this way 
can be transferred to many business applications 
today: 

1. Hewlett-Packard Users Group Library. 

2. Hewlett-Packard Users Group tibrary: 



Computer Operations 

Where the CBU (central processing unit) is avall- 
abie for student use there is a variety of entry level 
skills that can and shouid be incorporated in an intro- 
duction to data processing curriculum: The use and 
management of various types of computer input 
media (cards, tapes, microfiche) should be included if 
possible. Experience , in handling punch paper tape, 
for example, provides excellent training as a data 
entry clerk or tape librarian. The activities involved in 
maintaining a minicomputer system (mounting tapes, 
loading and unloading computer programs) should be 
shared by students who have access to actual compiP 
ter equipment. It is the fole playing^in such school ex- 
periences that has greatest value. What justifies field 
trips and prq^uctidn work experiences is not so much 
the actual hands-on training with specific computer 
equipment, but the fact that students can feel the 
responsibility of performirig these functions. 

Some forrris of computer technblo^ may devel- 
op in schools where the electronics and/br industrial 
arts programs ai^e highly specialized. Computer Tele- 
type maintenance is ari employnierit field that will 
take its place among typewriter repair and other busi- 
ness machine maintenance occupations. All in all, 
every opportunity to give the students actual experi- 
ence should be exploited. . ^ 



THE COMPUTER AS AN INSTRUCTIONAL TOOL 

Teaching with computers is generally given the great- 
est exposure in discussing instructional computer use. 
Many approaches have been tested and evaluated; 
specific attempts in business education are detailed 
below. 



Drill arid Practice ^ ^ 

Busiriess education has traditionally dealt with 
the development of various skills: typing, machine 
computation, shorthand, cashier skills, arid so on. The 
process requirts extensive drill arid practice. It is orily 
logical, therefore, that the computer has. been har- 
nessed in many business applications as a drillmaster. 

Typing. To develop keyboard accuracy students are 
given paragraphs to type, not for speed but for 
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accuracy (TYPE).^ The computer tallies the 
number of errors and indicates where specific 
kiey rdatibhships are consistiehtly w 
Machine Calculation. Critical to machine calculation 
is placing decifrlals, estimating answers, and 
Understanding basic mathematical functions. 
Computer prograrns which drill aiiditidii, sub- 
traction, multiplication, and division are iogical 
support tools here (DRILt); Drill and practice 
routines which test the student's ability to 
round nunibers (ROUND) and place decimal 
points in answers (jDECi-iO) can be usei " 
Shorthand. Shorthand requires a basic und^^tahding 
of English skills. Programs which reinforce 
spelling and punctuation instruction are in wide 
use by secretarial-science students (SPELL). It 
might interest some teachers to krtow that even 
\ phonics and sound discrimination have been 
developed in computer-assisted instruction ap- 
plications. Tape recorders and student response 
through keyboards have been designed to tein- 
force the student's unders tan dingo fvanousaud- 
ible consonant arid vowel sounds (PHONICS). 
Cashier Skills. Sales transactions require extensive drill 
and practice. Before a student can be allowed 
the responsibility of dealing with cash, simula- 
tion is often desirable. Programs that drill stu- 
dents in how to make change (CASH) and com- 
' pUte sales tax (TAXIT) develop reflex skills 
that reduce extensive on-the-job training. 
A ccounUng. V^hat teacher has not longed-for relief 
from the constant workbook and classroom 
drill required to establish absolute student un- 
derstanding oj" the debit and credit principles? 
A computer programmed to analyze students* 
response can provide an unlimited number of 
ledger accounts from which a student can drill 
and practice and determine debit or credit bal- 
ances^ In general, wherever a specific sklii needs 
to be developed— for example » multiplication 
tables and punctuation rules-the computer can 
provide a_ selfKibrrecting method for drill and - 
practice. The possibilities are limitless. 



3._The programs TYPE, PECl- 
^ 10, SPELL» CASH» f a3^IT, and TUTGl described in 
this section are aU in the Hewlett-Packard Users Group 
library: ^ . 



Tutjorlal 

In business education- numerous opportunities 
for tutorial, ihstructiph. present themselves. Students 
in advariced classes in bookkeeping or office proce- 
dures, say, often are. given* materials and assignrnejits 
to work on independently^ with the teacher available 
only to answer questions when the student encburiters 
difficulty. If we accept this role as the mere dissemina-" 
tor of materials, we can use the computer pn a tutorial 
mode. 

An excellent example is studerit interest in corii: 
puter programming. In a schpol where only a limited 
number of. students has the interest and/dr capabil- 
ity to develop computer prdgramming skiU, the 
teacher may put the computer's tutorial capability to 
greatest use. Various tutorial programs teach a stu- 
dent BASIC programming (TUTOl). Jhe lessons 
introduce the elements, provide examples, and en- 
courage student experimentation— all at the computer 
terminal. Self-checking is provided by comparison of 
sample output with the result of the student-made 
program. This method has allowed many teachers 
with little background in programming to have stu- 
dents learn it with a minimum of student-teacher 
interdiction. 

In the same way such specialized teacher skills 
as experience with medical or legal terminology can 
be accomplished using a_ computer program as tutor 
arid guide. Exposure of this type can be teacher- 
iridiepienderit; the studerits can do it before or after 
school or duririg irideperident study. In the high^ 
school area this is particularly attractive; mariy cot' 
leges are developing tutorilil progranis iri Ijiusiriess 
education, arid studerits with exceptiorial abilities 
can interact with tutorial curriculurii to give therii ad- 
vanced placement course work. 

In general, tutorial curriculum is the area of 
computer application that can best enrich busiriess 
education students: in a school where a limited num- 
ber of students would be capable of or interested in 
business law, for example, a tutorial business law unit 
could be prepared on a computer terminal thai would 
be available for independent study: Similarly, tutorial 
units in completion qf tax forms or highly specialized 
employment units can provide enrichment. 
. ' ' ■ . 

Prdbjeitj Sbi'^ihg 

Probleni solvirig coriK^s close to bridging the gap 
between the computer as a means of instruction and 
the computer as an objedt of instruction. 
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Using the calculalihg pblential of a computer is 
a valuable experience for students who v(\\\ find com- 
puters increasingly available to them as problem solv- 
ing tools (i.e; as objects of instruction), this exposure 
has definite occupational value Programmable caicu- 
iators, automated cash registers, automated billing 
: systems, ticket reservations systems; and automated 
graphics equipment vt^ilj require experience in creating 
machine readable ipstructioffl? 

As for Curriculum support (i.e. meails of instruc- 
tion), the ^accounting student can tackle Jargier and 
more meaningful accounting problems if he has com- 
puter support. Comparing the effects of various '■ 
methods of , depreciation is greatly aided by the 
probiem-sojving capability of a digital computer, in- 
structors can effectively employ "canned" accounting 
problems that demonstrate business data processing 
in the accounting field. 



Data Analysis 

Opportunities for data analysis, in the junior 
and senior high school business program are growing 
steadily. An obvious example is in teaching account- 
irj^. As mentioned above, comparisons of depreciation 
allowances can develop better student understanding 
of business decision maki ig. In business law or con^ 
sumer economics students can evaluate the cost of 
buying on credit. Energy-conscious students could 
evaluate the gas consUmptiori of Various types of 
autos in years to corne. 

Aside from the management games currently 
popular . among high school students, data analysis 
techniques should be used to evaluate real world situ- 
ations: The best business education project I can 
imagine in this area would be to collect and analyze 
an empioymen-t survey of entry ievei jobs in a stu- 
dent's community. The development of the question- 
naire, computer input, and analysis couid produce 
employment forecasts of immediate value and interest 
to the students and teachers of a high school area. 
This type of practical application can greatly enlarge 
the understanding of computer utility. 



example, is bierieficial in developing word skills. Cbiti- 
putef football, where the student is expected to main- 
tain ^me statistics, is a vaiuable mathematics exercise 
(49ei:s): In general, the differetice between educational 
simulations and games is often not the content but 
the«attitude of the person participating: 

this leads to the role of simulations in business 
education. Here, the teacher should control the cur- 
riculum content. Simulations of stock market activity 
can be administered in a controlled environment 
(STOCK). A class using a computer terminal can 
stress oral and written communications while **play- 
ing the stock market." 

The value of a sirrulatibn (game) is generally 
beyond question. In business law hurnerous-examples 
for student participation can be developed. A simple 
exairjple of driver's education can deinqnstrate the 
penalty for. improper judgment in highway driving 



^ 7^^. . . : , . ;. , 

nn consumer protection examples, students are 

put in "hypothetical buying situations and suffer or 
erijdy the cbnseiquences of their buying decisions. 
Developing student skills iri preparirig_for arid partici- 
pating in job interviews is ari active area: students are 
' given hypothetical interview situations arid asked to 
respond accordirigly. The immediate critique of 
proper and improper responses can cue a student on 
the do's and don't's of job interviewing: 

In general, simulations should be used to ac- 
complish learning objectives that would be difficult 
or impossibly in a normal classroom: An excellent ex- 
ample is taken from a bookkeeping simulation. Stu- 
dents are asked to submit worksheets containing a 
minor mat4iematical error. The comi)uter is given this 
erroneous information and a multitude of computer 
produced ehd-of-mojnUi reports are created in a short 
time. Stu(!ents trace the error and observe the conse- 
quences lhat a single inistake causes in a series of ac- 
counting reports. This is an impressive computer 
demorlstration. 



SUMMARY 



Ganies often provide valuable instruction 
and practice. The game of hangman (HANGIT),^ for 

4. The programs HANGIT, 49ers, STOCK, and DRIVE 
are all irr^hc Hewlett-Packard Users Group library. 



The computer as the means of instruction has received 
a great deal of coverage in educational journals and 
conference tours. Thanks to the emergence of time- 
sharing applications will continue to increase. All 
computer manufacturers currently have users' groups 
that make materials available. The increase of the 
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h'iniber of tinictsharihg compul ir system! In secbh- 
dary schools will cause a rapid increase of accessibil- 
ity arid use, 

Urifbrturiately, computers are generally pur- 
chased riot iri order to tap instructibrial support 
capabilities, but ,for adriiiriistrative purposes; still, 
they caii be harnessed to iristructibrial objectives. Re- 
prdiess of the reasori for pUichase, the cbrriputer is 
an (Effective and supportive tool in business education. 
It is up to you as an innovative teacher to enlarge its 
use in your schooi: 
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All of the computer programs referred to in this arti- 
cle have been contributed to the ^Hewlett-Packard 
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Sari Francisco, California 94 1 34 
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The Data Processing Management Association 
The Association for Computing Machinery 
The State Bureau of Business Education 
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COMPUTERS IN INSTRUCTION FOR THE DEAF AND 
, HA RD OF HEARING by Bruce D. Keep es 



There is an unusual tea_cher's aide being tried 
but in a Sari Frariciscb classroom' He chatters, 
whirls, blinks, and in his fashion, treats the 
youngsters more humanely than many teachers: 
For instance, he never punishes. If a student 
makes a mistake, he does not remonstrate or 
give a failing grade. He simply says, **No . : try 
again/' He Is Computer Tutor and lie is so good . 
at his job that sdriie " teiachers are starting to 
worry that they could be replaced. 
Stephen Cook, San Francisco Chronicle, ! 973 

iNTRODUCTION 

The teachers of acoustically handicapjjed^youngsters 
in the Palo Alto Unified School District (PA USD) 
are not worrying that they will be replaced. Yhey sup- 
port the use of a computer as a vataable aid in their 
instructional program, the how and why: of Jhis pro- 
gram may point directions not only for teachers of 
the acouslicaliy handicapped but also for teachers of 
other handicapped youngsters and the nonhandi- 
capped as well. w 

The computer-assisted instruction (CAI) project 
used by the PAUSD program had its origin in a Fed- 
eral grant ^Title IV- A) for the development, trial use, 
and " evali^fen of CAI materials for acoustically 
. hah dicappeit ^youngsters. Professor Patrick Suppes of 
Stanford University and Dr. Dean BrowJi of the Stan- 
ford Research Institute worked with the school dis- 
trict in plarining the project. ' 

The iriitial phase was to provide in-service train- 
ing for teachers on the use of the computer arid oh 
writing lessons. Release tinie was provided so that the 
teachers could visit other classes arid spend regular 
* class time with professionals in the field. Later in the 
program teachers were given help in testing arid evalu- , 
ating their CAI lessons. The funding lasted for barely 



a year, but during that time the teachers wrote over 
300 computer-assisted instruction lessons. 

From this starting point the program has con- 
tinued to develop into other subject areas and to ex- 
pand the terminal time for each student. Existing 
lessons have been reilned, new ones have been added, 
and the computer language in which teachers write 
the lessons has been'exlended, 

Mariy people with little or no experience in 
cbriimuhicatirig with haridicapped children fail to 
realize that comrriuriicatibn thrdugli speech is prdb: 
ably the least irripqrtarit facet of educating deaf 
chlldreri fo furiction in a hearing world. The riormal 
child acqiiires lariguage without conscious effort; the 
ears serve as a bridge betweeri spdkeri language and 
^comprehension. Jhe acoustically haridicapped yoUrig- 
ster, on the^other hand, is deprived not only of that 
bridge, bnt^of tHe concept of the function of language 
as R }po\ of communication. It has been estimated 
that daring the first five years of life, the normal- 
child of average intelligence acquires a vocabulary of 
approximately 2,500 words more than a deaf child 
will acquire. ^ 

The riormal child probably uses these words 
afteiv hearing them repeated only about six times. The 
average deaf child must be exposed to a word at least 
60 times before it becomes a part of his vocabulary. 
.Further, the complexity of our language— verb tenses, 
idibrtiatic expressions, varied definitidris for a single 
word, uriwritteri grariimatical rules that are., acquired 
through hearing— ritagriify these differences at least 10 
times. No teacher could rertiain sarie if he had to 
repeat an idea or coftcept or process 60 times. Six 
times is difficult enough. The coniputer will repeat 
the same instruction 160 times if necessary without 
piy emotion or strain as a tireless drillmaster; 

One of the rationales for establishing the CAI 
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program with deaf children was that they need more 
drill and tutorial experiences than the noniiai,'hearing 
child. They also need more opportunities to learn in a 
situation in which their mistakes are subject to public 
display. 

Beyond its use as a driUmaster, the computer 
also acts as a tutor for acoustically handicapped chiU 
dren. Communication between the teacher and the 
acoustically handicapped child takes much more time 
than with a hearing child; thus the process of learning 
a skill or concept is slow even when the subject mat- 
ter itself is not a problem. It is particularly significant 
that in CAI the prima ^ means of communication 
between the c{iild and the computer is through a ter- 
minal, a visual device. This naturally speeds up the 
learning process. The computer provides lessons- in a 
tutorial form. The child is presented with hew infor- 
mation, new facts, and new concepts which are later 
used in the course of a lesson. 

Further^ the j:omp"uter program can be individu- 
alized to"* fit a particular child's needs. If he needs 
only a certain -part of a lesson, it can easily be copied 
and modified without destroying the orignal. Also, 
all lessons In the computer are available to all staff 
members at all.grade levels, at all times. Since the les- 
sons do not carry grade levels, a hi^ school student— 
if need be— can be assi^ed:a lesson written by a 
second or third grade teacher with no stigma: attached. 
Lijcewise, a very able student can use lessons written 
for children on a higher grade level, thus providing a 
challenge to his abilities. 



THE RpLEpF THE CpiyiPyjEB IN INSTRUCTING 
THE HEARING HANDICAPPED 

Drjii and Priactice « 

In the Palo Alto Unified School District,- the 
major area ip which the computer acts as drillmaster 
is in mathematics drill and practice. The programs 
>vere developed by Dr: Suppes, and tha rights to use 
them were purchased by Hewlett-i^ckard, the manu- 
facturer of the PAUSD computer. Hewlett-Packard, 
in turn, leases the lessons to us for $} per year. 

The lessons p^vide a series of exercises giving 
the child ampie opportunity to practice skjlls previ- 
ously taught through some other mei^s. the rate of 
his progress through the materials depends upon the 
number of correct responses he has. While the curricu- 
lum is fixed and highly structured, the rate of progress 



is highly flexibie and the children may work iiideperi- 
dentiy of the teacher. 

The mathematics drill and -practice materials, 
used mainly at the elementaryUevei, are divided into 
six levels with 24 blocks in eah: the teacher or proc- 
' tor has control over the less^the student is working 
on at any time, though if the teacher does not take 
any action, jhe child will be led systematically' 
throu^ all the blocks at each level. The computer 
maintains complete records on the process of each 
student, and these can be recalled by^he teacher 
when required. 

Tutorial - 

In the tutorial role, the irore than 350 lessons 
in grammar, geography, history, science, gbvernment, 
^T*ycr jeducatibn, economics, and law prepared by 
PAUSE) teachers present new inforrhatibn to the stu- 
dents. The student is presented with new concepts (or 
concepts previdusly introduced but hot yet mastered) 
and given an opportunity to develop and demonstrati|^ 
Kis mastery of them. If he is unable to do so, the 
computer lesson provides hints, re-presents the origi- 
nal stimulus'^ material, or- if alf else fails-gives the 
correct answers. Each lesson is maintained on a di$c 
file in the computer'so that all teachers have access to 
all lessons at any* time. 

The documentation for thes6 lessons is con- 
tained in Haige binders provided for each teacher: 
Each lesson is documented on two sides of a single 
sheet of paper. Tlie frortt side contains th^ name of 
the lesson, some information 'on what tJie lesson is* 
about, special Instructions regarding materials that 
might be needed by the students (for example, an art 
lesson requires that the student have ctayons), and 
suggested grade levels. On the reVerse side Is a sample 
printout of a lesson taken by a student. The teacher 
who is unfamiliar with the lesson may quickly scan 
the sample page and develop a feel for the level of 
sophistication required. 

Each acoustically handicapped student spends 
from 10 to 30 minutes per day working with the 
computer. The lessons, chosen by the teacher or * 
teacher ^e, are used in a variety of ways. Sdfnj?tiTnes 
the niaterial is 'first presented in class and then dis- 
cussed and later;^ reinforced throu^ computer pro- 
grams; some times: new material is presented by the 
computer and later cliscussed in class. Many of the 
language lessons require the child to use an accom- 



CC^MPUTERS IN INSTRUCTION FOR THE DEAF AND HARD OF HEARING 



123 



pahymg book, so that the tutorial aspect'of the com*- 
puter iis presented in conjunction with a; standard 
textbook. , 



TERMINALS AND LESSONS 

All the . terminals used in the acoustically handi- 
capped prof ram are hard copy. The computer print- 
diit is itself Used in a variety of ways within the class- 
fbdm. The students can bring printout sheets back to 
their class from the computer terminals, and these 
can then be used by the teacher for diagnosis and sug- 
gestions for further study. Sometimes a child takes a 
lesson and ttfen is asked to explain it to other stu- 
dents; this gives him the qppdrturiity to function in a 
role other than leaitiet. The procedure, provides the 
acoustically handicapped child with, ample oppcr- 
tUnity to practice his enunciation, pronunciation, sen- 
tence stmctoring, and other aspects of language in a 
meantngfui sftaation. 

' The lessons written by the PAUSD teachers 
used J language called COPijot^ This is similar to Pilot 
and many other 6AI ^thor languages such as course- 
writer and IDF. The language is simple to use and 
most teacher§ learn to write lesson^ in a few hours: 
Most of the teachers in the acoustically handicapped 
program have written their own 'lessons and appreci- 
ate being able to do so. This skill enables them to 
view the computer as a tool for their use, not as a 
'rivaj. The advantage of usihg an author language such 
as COPilot^ies not only in the ease with which pro- 
grams can be written, but also in the way teadhers can 
modify the programs for particular studehts> He can 
write his ov/h materials and progrSffis, or he can adapt 
existing materials. In some ^ cases, students can alsp 
write programs, either for younger students or fdr 
themselves as a^leaming experience. COPilbt has only 
U basic commands. 

We have found that programs written by teach- 
ers use simple, concise liinguage appropriate for chil- 
dren at their grade levels. The teachers tend to write 
in a ii^thearted and lively manner, presenting con- 
cepts in a language readily understood by the children. 
(As an aside, many existing €AI programs", particu- 
iariy those from commercial curriculum corporations, 
tend to be dull, drab, and Hlled with turgid prose.) 
Teacher^ writing their own lessons have an opportu- * 
nity to observe the lessons as students take them, and 
so to: modify and improve theim. 



; SUMMARY AND eONeLUSIONS 

Computer-assisted instruction for t^e acousticaiiy 
handicapped has many advantages. First is the ease 
with which the children can acquire • greatly needed 
iVisual repetition and drill on the many facts and skills 
^which he arihg-children learn as they live. No teacher 
could find thertime to do this effectively with each 
individdal youngster. Although writing a computer- 
assisted instruction lesson is time :onsuming,"o'nce a 
lesson has been prepared it is |Qways available when- 
ever a heed arises. Further, students can have an in- 
finite ambuht of repetition if necessaiy. _ 

Another time-Javing feature is that most lessons 
are selfcbrrecting. They call the -student's attention 
to his correct ^answers and thfey, either give him a 
chance to correct his mistakes or provide him with 
the correct answer. 

The use of centrally-stored materials is highly 
advantageous. Materials prepared by one teacher carl 
then be Used by others; this is frequently not possible 
in a noncomputerized situation'' because teachers do 
not know what materials :other teachers have pre- 
pared. 

Ilie computer allows the brighter child to pro- 
gress as fast as he can by continually challenging Itim 
with new and more difficult concepts: tliis student 
need not spend as much time' on a lesson as another 
child who is having more difficulty. For the child 
who ha^ mastered the concepts, progress through the 
lesson is very rapid; for the child who is having diffi- 
culty, progress is very slow, allowing for a great deal 
of repetition. ^ ! 

Ariotiier advantage of computer lessons is re- 
moval of the peer-group competitioji that can make 
those with greater handicaps aware of their repeated, 
failures. 

The computer also increases teaching efficiency 
in that the child is saved hdurs of labdridusly copy- 
ing—often inaccurately— prdblems frdm a bddk before 
working them. The teacher is spared the mondtonous 
hours pf correcting the problems and discovering that 
in^the time lapse children have repeated a number of 
errors many times, thus rei^jforcing them: With the 
computer, the error is not allowed to pass. 

The teachers in PAUSD are extremely enthu- 
siastic about the program, but have probably only 
scratched the surface. One teacher reported on a girl 
swho^ when she first started on the computer, even 
needed help in typing her name iri order to sign onto 
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a lesson, ^rid then required almost cbhtihual assistance 
all through ieach liessbri. Socially, the child would hot 
speak to the teacher or to thie other children arid did 
not v/ant the teacher to tbUch her. Her progress was 
really quite remarkable. By th^ erid of two rilbriths, 
she was able to do lessons with almost rib sUppbrt 
from a teacher. During that peribd, her whble maririer 
changed: She now sits and chats comfortably with the 
teacher and children, telling them about family plans, 
her lessons, and all sorts of other activities. 

Parents are also enthusiastic about the cbitlpu- 
ter programs and have on occasion suggested types bf 
language concepts they felt would benefit the chil- 
dren; thejr suggestions have been incorporated iritb 
the lessons: Many others have volunteered to type 
COPilot lessons into the computer. The text is al- 
most like English, and after typing a few, parents 
frequently find that they can write lessons themselves. 

The use of the computer with acoustically han- 
dicapped ehijdren has not been witheut its problems. 
One of the greatest is that it is hard for a classroom 
teacher with no release time to write lessons: While 
the computer languiage' Is easy and the format of the 
lessons is fairly simple^Svriting a lesson is time- 
corisuming and teachers can only be expected to pro- 
duce a limited number of new programs each year. 
However, if each teacher produces even a small num- 
ber bf lessbris a year, the overall effect in any one 
year is to iricrease sigriificaritly the number of lessons 
available in the cbrilriiori bank. 

A secbnd problem is schediilirig'the students for 
work at the termirials. Orily a limited riiiniber of ter- 
minals are available arid childreri have tb be scheduled 
so that maximum use is niade bf the available tirile. 
This means that children are sometimes takeri but of 
their regular classroom activities for work with the 
termhiai, and so miss important classroom activities. 
" ^ . A third problem is system leli ability: While 
computers are now developed to the point where 
they are extremely reliable (minicomputers can be ex- 
pected to operate reliably with less than one failure 
per month), the modems, telephone lines, and Tele- 
types are not nearly as cooperative. It is extremely 
frustrating to both students and : teachers-whb are 
operating on a very tight schedule-to suddenly find 
that the c6mf)uter is down. 

A fourth prQblem is the cost. Fbrtunately, the 
cost bf the computers is going down rapidly. The" 
riiost ecbnbnilcal size at present Ms one which will 
handle from 16 to 32 terminals, with an outright pur- 



chase j)rice of less .nan $3,000 per port. If you add 
$1,000 or $1,500 per port for terminals (upper and 
lower case Teletypes with acoustical covers are very 
satisfactbry], you have an initial expenditure of 
$4,000 to $4,500 per port. Maintenance on the sys- 
teni arid termirials will cost approximately $25 per 
pbrt per nibrith.* ^ 

But giveri thnt we are gradually learning how tb 
sblVe these prbblenis and that the cost is decreasing, 
we cbrisider that the program is a worthwhile invest- 
ment of teacher and student time.t 
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COMPUTERS IN THE ELEMENTARY SCHOOL 
by Donald Holznagel 



INTRODUCTION 

Viewed nationally, the elementaiy schools (including 
only grades one to six for purposes of this article) are 
currently making relatively little use of computers in 
cbmparisbn with secondary schboIsrOn the other 
hand, some of the earliest large-scale efforts at investi- 
gating instructional computer applications were c6h> 
ducted in the elementary grades. While there are 
probably many reasons for both situations, one 
strong force in both is the limited viiew educators 
have had of what computers can do; a second is the 
limited vjew the computer industry has had of educa- 
tion and the task of teaching. 

The initial and continuing major usage of com- 
puters in the elementary school is drill and practice, 
especially in mathematics. €ertainiy, driii is a tool of 
the jeacher, and certainly comput|rs can generate 
numbers quicidy, make comparisons, and keep rec- 
ords efficiently. Just as certainly, however, drill is 
only one small aspect of the teaching task, and the 
aforementioned computer capabilities, along with 
others, make the computer useful in other ways. 

An application area of great promise and of 
much current development work is problem solving, 
where researchers are investigating the ways in which 
children solve problems and ways in which the com- 
puter can enhance both the processes of problem 
solving and the learning of the processes. A third 
application— also of promise but of less current re- 
search activity in elementary schools— is simulation 
and gaming, for learning both subject matter and 
ways of modeling and problem solving. 

As might be expected, there are differences of 
opinion on how the computer should be used in in- 
struction. Some say the student should be highly 
^^Ji^^ J"__^^^_P^°^^_^^» programming the computer^ de- 
signing games, and controlling devices. It has even 



been suggested that the computer should not keep 
records about a student's terminal session, because 
that violates a certain trust the computer engenders in 
a student. Others say that any teaching task which is 
repetitious and well defined should be assipied to the 
computer, freeing the teacher for more humane tasks, 
keeping more accurate up-to-date information for 
dec isi oris, and placirig a student in a respondent role. 
Perhaps those are not mutually exclusive propositions, 
arid aspects of both points of yiew can be represented 
in an elementary school to satisfy the diverse needs of 
a variety of studerits. 

It is clear that elemeritary school educators will 
be making decisidris about the riature of cbriiputer 
usage in their schbols, arid that tb do sb requires an 
understanding of what has beeri arid cari be dbne with 
computers! With that basis, they dan begiri to decide 
what ^houid be , done, consistent with the goals of 
children, parents, and teachers in "the school. 

THE ROtE OF THE COMPUTER IN 
ELEMENTARY INSTRUCTlbN 

Drill and Practice 

Elementary:School drill activities, as. we have 
said, were one of the earliest instructional appllca- 
tibns of computers, and that early work resulted. in 
several riiajbr sets of commercially available programs. 
Iri riiathematics, for example, programs are available 
which gerierate exercises randomly, accept jthe stu- 
derit respbnse, check the answer, give reinforcement, 
and record studerit progress in a computer file. Such 
programs allbw teachers tb determine ./or students 
such factbrs as entry pbirit iri the cUrriculurii, respbrise 
time for a single item, arid length of a terminal session. 
Rate of studerit progress arid difficulty level of exer- 
cises are determiried by the degree of student success 
on regular practice sets and periodic tests. 
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Speed and programmability are two computer 
capabilities of importance here. A computer can be 
programmed to compute random numbers within any 
desired limits. For example, to produce subtraction 
exercises one could ask for random pairs of whole 
;iiumbers, the Tirst being between 20 and 50 and the 
second being between 0 and 9. Thus, two students at 
the same point could receive similar, but not identical, 
sets of exercises. The high speed of cbmputatidn al- 
lows the computer to generate exercises for many 
students and Id carry but the required "tecbrd-keeping 
in 21- manner which appears tb be simultaneous for all 
the students and with almost immediate computer 
responses to every student's input. 

Most programs allow teachers to intervene and 
enroll, delete, or change the pjacement of students in 
the carriculum: A teacher may get many reports on 
the status of individuals or classes of pupils based on 
the records of student sessions kept by the program: 
Although the number and type of reports vary, most 
programs include general information reports (names, 
I.D. numbers, parameters), performance reports 
(scores on sessions and tests), and daily activity re- 
ports (who has had a session, location in curriculum, 
unusual success or failure, encountering new con- 
cepts). 

Three current major commercial sources of 
mathematics drill and practice are Computer Curricu: 
lum Corporation iMatnematics Strands, gr. 1-6), 
Hbu^tbri-Miffliri Co. (JndiyiduaTized Computational 
Skills Ingram -Corr.pu^^ Version^ for gr. 3 and up), 
and Hewlett-Packard Corp. (Jj? Drill and Practice in 
Mathematics, for gr. 1-6).^ In addition tb mathe- 
matics. Computer Curriculum Cbrpbratibh. (CC€) 
provides programs in reading for grades 4-6 and in 
language arts for grades 3-6. The CCC products are 
the results of developmental efforts directed by Dr. 
Patrick Suppes at Stanford University. Other centers 
of development for elementary school programs and 
materials have been Project REFLECT in Mont- 
gomery County, Maryland, and the Flint, Micliigan, 
Public Schools. 

Large-scale studies of the effectiveness of com- 
puterized drill and practice have been carried out in 
McComb, Mississippi; New York City; Palo Alto, Cali- 
fornia; and the suburban Twin Cities area of Min- 
nesota. Current usage is widespread, >yith heavy use in 
Chicago, Philadelphia, and Los Angeles. The Chicafgo 
school system has centered its elementary jschobl 
computer use on drill and currently is supporting ap- 
proximately 500 terminals. 



Most large-scale studies have been done with 
large numbers of terminals, supported by grant funds. 
Since that is not a typical situation in the average 
school district, the Twin Cities area study attempted 
to determine the effectiveness of drill and practice in 
more common situations, assuming only one terminal 
per school and a variety of school organizational struc- 
tures and philosophies; ft was conducted in grades 3 
and 4 of nine suburban and rural schools of TIES, a 
cooperative of 34 Minnesota school districts; The re- 
sults indicated that drill and practice is especially 
effective with low-ability fourth graders who have 
daily sessions of 5-7 minutes and that these students 
showed greater jjrogress than similar students not hav- 
ing computerized drill. Studies in the other situations 
also indicate more rapid and efficient mastery of 
skills when students are given daily computerized ses- 
sions of 5 tb 10 minutes' duratibh. The other advan- 
tages claimed for computerized drill over manual 
metiiods are the more efficient and complete recbrd-- 
keeping and reporting, the relief of teacher effbrt in 
generadng voluminous nonidentical exercise sets, arid 
the highly individualized nature of drilj^sessions. Off- 
setting these, however, is the teacher time required to 
study and make use of the reports and to manage the 
logistics of terminal usage when a limited number of 
terminals is available. Furthermore, the cost of ter- 
minals, computer time, and programs could jbe con- 
sidered prohibitive. 

Some educators, feeling that the most valuable 
computer -appHcatibn is the generation of random 
nonidentical sets bf exercises, have attempted to 
focus on prbgrams tb be used specifically to generate 
such sets iri clear, copy able form as masters for dupli- 
cation. Such prbgrams keep rib records and db ribt"- 
provide for student iriteractibri at the terriiirial. The 
teacher can prescribe the type of exercise set by enter- 
ing the appropriate number limits, number of prob- 
lems, and problem types on the terminal, and will 
receive as many different versions as desired. A com- 
plete answer key for each master can also be gener- 
ated at the same time. Such programs have the ad- 
vantages of not typing the student's drill session to 
terminal availability or school building open hours, 
and of freeing the terminal for other applications. A 
major development effort in this regard is under way 
in the Minneapolis Public Schools, funded by the 
Minnesota Council on Quality Education. 

It is important to keep in mind that, in the fore- 
going discussion of drill, the comfjuter is viewed not 
as teaching but rather as providing an improved way 
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of presenting a classic supplement to the teathihg- 
learhiiig process. There are those who do not agree 
with^this use of computers. One view in opposition is 
that the proper use for the concept of drill programs 
is for students therhselves to develop and write the 
programs, because it forces them to define processes 
and consider all possible mistakes. 

Tatdriai 

Tutorial mode implies a diaibgUe between "a 
computer program and a student, where the prbgrarh 
is the tutor: Such programs are developed or authored 
by tethers or others having an understanding of the 
prodbdures of tutoring and a knowledge of the topic 
to Be taught. Several computer languages invented 
specifically for this purpose are available on various 
computers and are intended to provide an easier 
medium for nonprogrammers to use in designing driii 
as welLas tutorial lessons. 

Tutorial lessons vary from tjghtly controlled 
programrhed instruction to wide-ranging dialogues 
where many pathsjnay be followed depending on the 
student response. The advantage of using a computer 
rather than printed material in this application is that 
the computer can be programmed, through keyword 
searches and other methods, to interpret student state- 
ments of any kind and respond in a wfde variety of 
ways. It could be caused to issue the same response to 
two student statements hiaiving different wordings but 
the same meaning, or to issue different responses to 
two identical student statements. 

Two prominent centers of tutorial material de- 
velopment for elementary schools are Project RE- 
FfcE^'T in Montgomery County, Maryland, and the 
PfcATG project at the University of Illinois. Products 
from both places are mostly in mathematics but also 
include readi_Dg, language arts, and other topics. Both 
projects make use of special terminals: The PtATO, 
Terminal is of particular interest for its technology 
. and usefulness and great long-term implications. 
"Heavily funded by the National Science foundation, 
the PLATO project could generate a larp amount of 
lesson material in the near future. 

A problem of increasing concern Is that, al- 
though the newer author languages are easier to use 
and teachers can author lessons without also be- 
cbmmg computer programmers, the same languages 
are not often available on computers of different 



manufacturers. Hence we are facing the prospect of 
increasing availability of lesson material bat with 
limited ability to share the results with colleagues on 
a widespread basis. Some would argue, however, that 
in order to properly interpret responses; one needs to 
know the way the student uses language, which can 
be different in two groups of children, hence limiting 
the desirability of sharing lesson material: 

Problam Solving 

As a category of applications, the problem- 
solving label covers a variety of activities wherein the 
involvement of the child ranges from very passive tb 
very intensive. 

A common activity is the use of a prepared pro- 
gram called fi-om a computer library to compute re- 
sults for data supplied by the student. The goal is not 
tb Understand the solution algorithm— it is assumed 
that the child already understands the process and 
that his repetitibri bf the calculation is not beneficial 
or desirable-but rather to Use the results tb further 
understanding of a topic of study. A commbh exam- 
ple which might have use in eiementary schobl is a 
program to find the average of a set of numbers, per- 
haps gathered in a science experiment or a survey. 

Most current emphasis in usage and investiga- 
tion is in student-written, programs to solve problems 
related to such subjects as math and science and in 
the concomitant, learning of procedures of problem 
solving. This activity requires the student to learn a 
programming language. Most comflnonly available to 
elementary age children is BASIC; some usage of it 
can be observed in many elementary schools/ The 
Burrisville, Minhesbta, Public Schools, for example, 
have developed a curriculum^guide for use in their ele- 
mentary schbbl computer which specifies teaching 
some element? of BASIC in the fifth grade and using 
BASIC for general prbblem solving in the sixth grade. 
Other schobl districts arburid the nation are trying 
such activities, althbUgh perhaps riot -many to the 
s^e degree as a mandatbry part bf the currjculum. 
' Two other computer languages, PILOT and LO- 
GO, are the focus of current investigatibri arid devel- 
opment efforts with special emphasis bri elenieritary 
age children, the center of PILOT activity is the. 
Stanford Research Institute. Versions of the language 
are working on several different kinds of computer 
systems and usage is spreading. PILOT has been used 
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BASIC 



LOGO 



iO PRINT "HdW^dLD ARE YOU" 
20 INPUT .A- y 
30 IF A ;> 10 THEN 60 
40 PRINT "YOU'RE A bAbY YET' 



10 PRINT "HOW OLD ARE YOU" 
20 TYPE IN "ANS" 
3d TEST- ANS > 10 ^ 
40 iF TRUE PRINT "(GEE, Vbu'RE 

ANGIENT" 
50 IF FALSE PRINT "YOU'RE A BABY 

_ . ^ YET" 

60 PRINT "GEE, YOU'RE ANCIENT" END . . ' / 

70 END ' ■■ ^' 



50 GO TO 70 



Figure 4-4. A sample program in BASIC and LOGO. 

extensively by elementary children in the Sari Fran- 
cisco Bay area. 

The LOGO language was originally developed at 
Bolt, Berauck, and Newman and Massachusetts Insti- 
tute of T.echnology. It has been used as a tool for in- 
vestigating the nature of problem solving and for 
teaching problem-solving methods by researchers at 
Syracuse University in addition to the original devel- 
opment groups, arid some work has been done at the 
University of Pittsburgh^and in Montreai. 

The following statements illustrate some of the 
beliefs of those who say that studejt programming 
enhances problem solving and the learning of problem- 
solving procedures: 



1. Children learn by doing things and by thinking 
about what they do. 

2. Programming helps students think about the 
process of solving problems by forcing them to 
define algorithms. 

3. The act of computer programming facilitates 
the acquisitiolj of rigorous thinking. 

4. Prbgrariiriiirig helps develop systematic thought 
processes in approachirig problems. 

5. Programming helps students leafri certain mathe- 
matics concepts. 

6. Programming provides a laboratory framework 
for exploring mathematics: 

if those principles are correct, we need programming' 
latiguages which are powerful yet simple to learn and 
use, so that they can be taught to young children. 
BASIC, PILOT, and LOGO are efforts in that direc 
tiori. LOGO, the latest of these and designed specifi- 
cally with children in mind, has been the focus of the 



nibst up-to-date research in teaching problem solving, 
having been taught to grdups of students in every 
grade level froni 2 through 7. In one such research ef 
fort, the Syracuse project examined four questions: 



1. What cdritent areas cari; be supplemented or re- 
placed by LOGO materials? 

2. What contribUtidri.Qan LOGO make as a separ- 
ate curriculum area? 

3. "Do children become more explicit arid logical 

in their thinking as a result of working with 
LOGO? 

4: Does LOGO develop inquiring attitudes and 
self-sufficiency? 



Results on question^ suggest that children gain much 
mathematical experience in a concrete fashion not 
ordinarily available; some even contend that LOGO 
could form the framework for the mathematics cur- 
riciilurii. Regarding question 2, it was evident^ that 
children do gain skills iri planning and solving prob- 
lems, .arid perhaps problem sbl^rig as a topic should 

^ have a place iri the cUrricUlUni. feviderice is iricbriclu- 

^^fve on the last t\yd questidris. ^ 
/ The example ^in Figure 4-4 illustrates a siniple 
student program in bdth BASIC and LOGO (intended 
only as a sample-not a definitive comparison). 

^ \, . / 

Sii^ujation and Games 
This\is an area of great potential, although not 
much developmental activity has taken place. The 
most extensive early work was done by Richard L. 
Wing and others in a research project in Westchester 
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^ bounty. New York, during 1965-1967: three com- 
puter-based economics games for the sixth-grade level 
were developed and tested on a small scale with a 
group of sixth-grade students, the testing did not 
yield any conclusive evidence on the effectiveness of 
tlfe games but showed that it was possible to use com- 
puter simulation in the elementary school, that the 
experience was enjoyable, and that the same material 
was taught in less time than by noncomputer meth- 
ods. The three programs were the Sumerian Game, 
the Sierra Leone Development Game, arid the Free 
Enterprise Game. In each, the students pl^ a decisibri- 
making role (e.g. a city-state ruler in the Sumeriari 
Game) and are expected to make decisions about the 
allocation of reisqurces. As they continue the simula- 
tions, they should begin to note the consequences pf 
their decisions and hence learn something about the 
nature of the ecbnomic "system in which they are 
operating. 

teaming about the nature of the system is one 
objective of using simulation as a teaching tool: If the 
model is close to reality, one could expect students to 
learn something about reality by engaging in the 
simulation. At the same time, the student is experi- 
encing a computer application which is widespread in 
government and industry. For example, computer 
simulations of river systems are used by engineers to 
see the effect of a decision on dam construction, 
dredging, or otliei* cfiange without having to suffer 
the consequences. A classroom parallel might be a 
simiilatiori of population growth in an animal species 
being studied. Students could manipulate the al- 
lowed hunting harvest and note the effects on the size 
of the herd. They do not need an actual herd on hand, 
and their decisions effect rio actual extinction, over- 
pbpulatibn, or other disastecto the species. 

But simulatibn activities for classrooms have 
been availlable for a long time, sb why use a compu- 
ter? One reason is that because the student is.ribt re-' 
quired to carry out calculations, the model can be 
complex and therefore more realistic. Another rea- 
son is that the computer can generate random num- 
bers quickly and hence introduce random factors 
(drought, disease) in a way which appears more real- 
istic because no dice-rolling or card-drawing is neces- 
sary as in a manual simulation. 

Generally, computer simulation could allow ele- 
mentary students to experience situations not other- 
wise possible in a classroom and to learn about one 
method of problem solving with computers used in 



many walks' of life, the lack bf develbprnentjii ef- 
fort, however, means that ribt eriough prograitis are 
carrentiy availabie to^make a significant impact in 
elementary education, the teacher is left tb make a 
professional judgment on the value bf a given pme or 
simulation for a specific class or situation, and would 
probably^ find as many colleagues in agreement as in 
disagreement: 

Computer Literacy S 

The term "computer literacy" has come to be 
used to describe the knowledge most people need to 
furictic 1 in, and understand the computerized aspects 
of, society. It is possible for elementary students to 
learn many such concepts. In fact, if such knowledge 
is expected bf ill citizeris, elemeritary teachers could 
assume respbrisibiitty for providingjfit, since the ele- 
mentary school is almost the b^y place we can still 
ensure a commbri experierice fqifall children. 

Using a cbmpUter in anjjfef the modes discussed 
is teachihg sbmething aboUt computers and their use- 
fulness. If a computer is Used brily for drills a student 
has a very narrow visibn bf its pbwer and value, there- 
fore, one step toward giving students a broad view 
would be to make use bf many application modes. 
Another step is directly teaching computer concepts. 
The Burnsville School District mentioned on page 00 
begins its eiementary computer curriculum with some 
instruction to ail fourth graders in computer concepts. 
A variety of demonstrations can be designed and 
some actual student programming can be done; such 
activities have been successful in many schools. 

SUMMARY AND CONCLUSIONS 

The computer can be viewed by teachers as a sophisti- 
cated, impbrtant medium for expressionj, but-like 
other media— it mUst bemused where it offers an in- 
structional advantagft. If drill or simulation is inappro- 
priate ih a given situatidh, dbiiig them bh a cbmputer 
in millionths of a second is no more appropriate, 
however spectacular: Educators need to avoid being 
astounded by i^at computers can be made to do and 
become concerned about what they should be made 
to do. 

Our application of computers to instruction has 
been conditioned by our viev^ of the process of edu- 
cation. The computer can be used to do, perhaps 
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more efficiently^ some of the things teachers have 
always done, arid it can be used to do things teachers 
have not been able to do. Whether either is worth the 
cost dependspri how highly one values those practices 
or possible changes. The question of what constitutes 
good instruct ion has never been answered by one per- 
son for ail others. It is incumbent on teachers to learn 
about computers arid about the processes of educa- 
tion, and to apply the former to those aspects of the 
latter which receive their priorities. 

As a framework for suriimiarizing applications, 
Figure 4-5 is offered. One can easily extend it, but it 
covers thie current need. The C indicates an area of 
current or past effort arid the F indicates areas which 
appear to offer the most fruitful ground for future 
efforts at elementary school computer usage (not 
excluding further work in C areas). 
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Figure 4-5. Current (C) and future (F) curricu- 
lar areas for computer applications in elemen- 
tary schools: 



While the goal in this article is to discuss the 
computer as an iristructional tool, a coriiputer so used 
can also be used effectively to assist the mariagemerit* 
of student experierice and activities; in fact, such 
Usage is receiving much atterition. This is another 
story worth pursuing. 

Of course, there are problems of logistics, physi- 
cal limitations, and technology which affect any 
attempt at computer use. The cheapest available print- 
ing terminal is also the noisiest and most cumbersome. 
Telephone transmission is subject to the vagaries of 
extraneous noise and electrical disturbances: incon- 
venient locations of power outlets and telephones 
impose classroom control problems (see the Martin 
reference for a nnore complete delineation). One or 
riibre of these factors is sufficient to invalidate com- 
puter usage in a given situation, in the same manner 
as the 16 mm film which fails to arrive ori the day it 
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would be most effective. N^le contingencies must be 
planned for and problenis considered, the reiiability 
arid quality of technology appears to be moving for- 
ward rapidly, and we can expect a fairly rapid conver- 
gence of decreasing cost and increasing reliability 
with increasing readiness of teachers to explore com- 
puter applications. 

The article attempts, to introduce the unin- 
formed reader to the variety of current coriiputer 
applicatibris iri elementary school usage, to summarize 
some efforts iri the most^rominerit applications areas, 
and to iridicate areas of likely future effort. It is too 
brief to be exhaustive iri sources arid refererice and in 
the reportirig of what is kriown. The reader is urged 
to delve more deeply in areas of special iriterest; the 
following references are a good starting point. 
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COMPUTERS.IN LANGUAGE ARTS by David H. Ah! 



IIMTRODUCTIOISI 



The comjjuter has been the subject of novels for years 
" and has had a profound influence on both serious and 
fictioha! Hterature of the jDast 20 years, but it has 
barely infiltrated into the English curriculum. In ah 
embryonic way, however, the comjjuter is beginning 
to irifluiehce the leaching of English, largely because 
of its power to motivate. 

Unlike science, in which our bounding tech- 
hology has forced realignment of the curricula every 
five years or so, or-mathematics^ which has- seen the 
invasion of the New Math and coniputer program- 
ming; changes to the English (or Language Arts) 
curricula have been of an evoiutionary nature. Some 
of the traditionally ri^d rules of grammar are being 
de-emphasized during the earlier years to encourage 
students to write more fluidly and to approach origi- 
nal composition with less apprehension. Nevertheless, 
grammar, spelling, word definition, sentence construc- 
tion, and the like must still be taught at some point In 
order to assure a reasonable level of literacy and com- 
munication skill. 

As it has become iribre widely recognized that 
perfbrmiance in school as well as in a career is closely 
tied to communications ability and reading cbrripre- 
hensiori, there has been increasing emphasis oh rriak- 
ing the reading portion /df. the curriculum both 
relevant and fun. One approach is teaching on three 
levels— facts, concepts, and values— instead of facts 
alone. For example, on the facts level a student may 
be required to memorize all or part of a poem. He 
must know the author and his background, when the 
poem was written, its rhythmic pattern; and^so on: 
On the concepts level, however, the student inter- 
prets the meaning of the poem and perhaps looks into 



how the heritage of the writer might have motivated 
him to write such a piece. One step farther, on the 
values level, the student might be asked to relate the 
meaning of the poem to his own everyday life or to 
write a piece expressing the same message in con- 
temporary terms. 

The computer holds an exciting spectrum of 
possibilities in the area of Langi vige Arts: Today, the 
seed has barely germinated: Just as the slide rule, cal- 
culator, and finally the computer have becorne weir 
come tools to jmathematicians and scientists, there is 
ho reason tb think the computer should not become 
ah extensibh of the hand or intellect of a writer. 
Poetry, Some of it quite mbvirig ahd readable, has 
been produced with the iaid bf a computer. The tool 
will not make ah illiterate student ihtb a great author; 
however; it may well give the reticent student the 
confidence he needs to tackle a writing assignment bh 
his own: 

Perhaps most promising in Language Arts is the 
use of computer games, to make reading, grammar, 
words, and other facets of English more fun. The 
computer, in other words, can motivate students so 
that they really v/ant to read and write: For example; 
there are games that assist the student to clarify word 
definitions or express thoughts in a clear, concise 
manner. Other games help students take the first steps 
in original writing by helping them write a poem or 
humorous story. 

Today in Language Arts, the computer is most 
often used in a drill-and-practice rol^, drilling the stu- 
dent bn spelling, word meanin^,^ plurals, rules of 
grammar, and the like; it Js also used as a tutor for the 
same basic cbhcepts. Occasionally, the computer 
plays a data-analysis i^ole: for example, it can analyze 
the frequency bf word usage in a hovel or tabulate 
line and word length to determine readability. 
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USES OF THE COMPUTER IN LANGUAGE ARTS 



Drill and Practice 

This is the most common role of the computer 
in Language Arts. By giving the student drill and prac- 
tice oh concepts that have been previously preisented, 
it relieves the teacher to devote individual attention 
where it is needed. With the computer, the drill and 
practice is self-paced and can'be presented until ihe 
student achieves mastery of the , necessary basic 
English skills^ . 

Here are two examples from driU-and-practice 
programs: 

Example A 



IF njK rOLLOWING WORDS A^E CORRECTLY SPELLED, 
HKSPOND Y ; IF INCOR|?ECT, TYPE TICE CORRECT SPELLING. 

KMiiAriASS"' 

7Y - 

WRONG. CORRtXT SPELLING I.S EMDARRASS 



GAUGE 
?Y 

correct: 

--V- 
.SEIZE 

y.srezE 

WRONG. THE WORD WAS CORRECT 



Example B 



HERE IS A SENTENCE: 

GORILLAS OFTKN SLEEP IN TREES. 



WHAT IS THE SUBJECT OF THE SENTENCE? 

?GORtLLAS 

RIGHT 

WHAT IS THE VERB? 

VOFXEN 

NO, TRY AGAIN 

VSLEEP 

CORRECT 



Figure 4-6. Sa'mple interactions with two drills: (A) 
spelling and (B) parts of speech. 



Tutorial 

Figure 4-7 contains two examples ofjtutorial 
programs suitable for use in Language Arts. The first 
is a traditional tutorial; the second combines reading 
comprehension with word definition. 



READib^GS IN COMPUTERiN THE CURRICULUM 

./ ' I. 
Data Analysis 

As mentioned in the introduction, the compu- 
ter bail analy25b the frequency of various words of 
cbristrUctidris/in a written piece, or perform other 
statistical analyses on the content of textual material; 
For the most part these applications have been limited 
to research environments and have not reached the 
point of classroom appiication; For example, the 
writing of Bertrand Russell in Mysticism and^gic is 
much heavier than that in €larence Day's tife With 
Father, While what, is heavy or light reading is nor- 
mally a subjective judpnent on the part of the reader, 
perhaps a computer rhythmical analysis of phrases 
catn shed some It^t on the terms in a quantitative 
manner: 



Games 

Many students are apprehensive about writing 
original work; even more are "turned off to Er^glish 
and Language Arts. By use of the computer. Language 
Arts can be made more fuh. Original composition can 
be introduced in a gradual, nonthreatening way and 
students can learn to express themselves without fear 
of ridicule or embarrassment. 

Excerpts arid exercises from four computer 
games appUcable to l^gUage Arts are presented on 
pages 136-138. BUZZWORD, an entertaining game, 
introduces new words to students and moti^^tes them 
to find out what they mean, MADLiB also presents 
word definitions and synonyms ni an enjoyable game. 

The poetry programs. go one step beyond MAD- 
LIB and help the student v/ith a poem which, in a 
sense, is cpmpleteiy original. The computer uses 
phrases provided by the student but arranges them in 
a random manner—a simple technique but extremely 
motivating. 

The ANIMAL game' is enjoyable and addictive. 
It also teaches efficiency of expression in a most un- 
expected manner. The computer program simply asks 
the student to teach it n^w animals (it starts knowing 
only a bird and fish) by giving it a question to distin- 
guish each new animal frorri one it already knows. 
Easy at first, but wait until the student has to state a 
question which can be ariswered ye: or no that will 
distinguish a panther frorii a leopard Wot only does 
the student learn about anirrials (which is secdndaiy) 
but he learns to describe differences between similar 
things in a clear, concise manner-and has fun doing 
it! 



COMPUTERS IN LANGUAGE ARTS 



135 



Example A 



TWO OR MORE WORDS. USUALLY CONNECTED BY A CONJUNCTION, 
ARE FREQUENTLY SUBJECTS OF ONE VERB. 

USUALLY THE VERB WITH A COMPOUND SUBJECT IS PLURAL; 
PAT AND STAN HAVE THE SAME COLOR EYES. 



MUMPS AOT) CHICKEN POX (HAVE, HAS) BROISSN OUT IN CAMP. 
?HAVE 

CORRECT ^ ' ■ 

BOTH 'the GRAMMAR AND STYLE OF fflVERTISING (VARyT^ARIES) 
CONSffiERABLY FROM FORMAL ENGLISH. ^ 
'?VARIES 

Nd»_TRY AGAIN. THE SUBJECT IS '^GRAMMAR AND:^TYLE' 
.?VARY ^ r * ' ■ 

CORRECT » * • 



Example B . 



BRAD HAS A STOONG COREMITMENT TO REACHING HIS GOALS. 
OCCASIONALLY, PROBABLY UNINTENTIONALLY, HE STEPPED 
ON BOTH TOM AND DAVE WHILE TRYING TO REACH HIS 
OBJECTIVE. 

m THE - PARAGRAPH ABQM BRAD IS PROBASLY PLAYING 

IN A FOOTBALL GAME OR N). , 

?N • " ■ ^ . , 

CORRECT. THE GOALS SPOKEN OF ARE BROADER THAN THAT. 

SL THE ^i^AGHAPH, COJWMTM^^ MATTER 

TO ANOTHER, B) FAITH, C) PERSONAL PLEDGE, D) ACT OF 

PERFORMING. 

?B 

FAITH IS CLOSE IN MEANING, BUT AS COMMITMENT IS USED HERE, 
IT IMPLIES MORE THAN FAITH. 

?C ^ 

YES. BRAD HAS PROMISED HIMSELF THAT HE WILL DO HIS BEST TO 
REACH HIS GOALS. ' 

UNINTENTIONALLY MEANS: A) WITHOUT STRAINING^ B) WITHOUT 

PtA^mmO, C) NOT BEBiG PRESENT, D) GETTING MIXED UP 

?C 

NO. YOU MAST BE CONFUSING 'ATTEND* WITH 'INTEND' 

INTEND AND INTENT HAS TO DO WITH ONE'S PURPOSE AND PLANS. 

?B ^ . 

CORRECT. BRAD DED NOT INTEND OR PLAN TO STEP ON TOM AND DAVE. 



Figure 4-7. Sample interactions_with two tutbrials- 
(A) subject verb agreement and (B) comprehension. 
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PERCENTAGE DISTRIBUTIONS OP RHYTHMIC PATTERNS 



PATTERN 


RUSSELL 


' PAY 


RISING FEET 


48% . 


41%. 


FALLING FEET 


13 


21 


CREST 


26 


24 


TROUGH 


Q 


11 


LEVEL 


13 


3 


TOTAL 


^100 


100 



Figure 4-8: Sample data analysis fun in language arts. 



7776 Game of BUZZWORD^ 

Everyone has heard of buzzwords: In these days 
•of specialization, every profession has his share: Buzz- 
words generally describe something new for which 
there is no standard dictionary definition. They fre- 
quently become overused so that people feel obligated 
to use them in speeches or reports simply because it is 
expected. _^ i 

EXERCISE!. 

Using the "educator-speak" buzzword generator 
below, take a random word from Column 1, one from 
Column 2, and one from Column 3 and create a buzz- 
word phrase. Do this 10 times. How many of the in- 
dividual words do you know the meaning of? Lobl?^ 
Up the words you don't know. How many of the 3- 
word phrases make any sense and how many are sheer 
nonsense? 



I 


'2 


3 


abiHty 


learning 


groupmg 


basal evaluative 


evaluative 


modificatibh 


behavioral 


objective 


accountability 


child-centered 


cognitive 


process 


differentiated 


enrichment 


core curriculum 


flexible 


scheduling^ 


algorithm 


discovery 


humanistic 


performance 


heterogeneous 


integrated 


reinforcement 


hbmbgeneous 


non-graded 


open classroom 


manipulative 


training 


resource 


modular 


vertical age 


structure 


Tavistock 


motivational 


facility 


individualized 


creative 


(invironmcxpt 



EXERCISE 2. 

- - t> - — — - - - - ^ 

Run the program BUZZWD, which produces 3- 
viotd phrases from high technology industry, or 



SPEECH, which produces 3-word phrases in the laxi- 
guage of educators: Run the progrnm you have selec- 
ted 10 times. Again^ how many phrases make sense 
and how many are nonsense? 

OPTIONAL PROJECT: 

For one of the professions listed below, find 30 
buzzwords and write a buzzword generator of your 
own. 



Medicine 
Law 
Finance 
Women's Wear 
Transportation 



Civil Engineering 
Social Work 
Psychiatry 
Entertainment 
Agricultilre 



The Game of MADUB 

Madlibs, a creation of Roger J Price, was de- 

^'JF.^A ^s ^ party game. Tfie leader has a 

sheet of paper like the one below, containing a short 
story with certain words missing. Before reading the 
story he asks each pereon in the rodrxi to supply one 
word-the first person may be askedjfor an adjective, 
the second for a noun, etc.— until all the blanks are 
filled in.: lite jeader then reads the story to the group 
in a heairty,^ booming voice. Figure! 4-9 is a sample 
madlib. With MADLiB, we can axerdise real creativity 
•^th synonyms. ConSder: instead pf "big/' we could 
say "hiige,'V "tremendous," "enonSous," •'bulbous," 
"bulging," "massive,""or "boundlesi." 

• EXERCISE L i 

For each of the following ^ords, write jO of 
the most ludicrous synonyms you think of. Try 
io do it by yourself, or use a dictioniiy or Roget's 
The^y^s, Compare your word /lists with those of 
othetciass members. / 
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MfnVSPAPEH AimC'LE 

Mr». Kill Viiiiderboid, tha and 

icij: Bd). 

h«ir««« ham filed for divorce from her huaband, Per(*y Vanderbold, . 



the formar_ 



ad). 

of llarvartl, clana of '3t<, now in the 



Sim. V»Dde~rhold rinlmed ihst her huiiband had 
given her a _. 



adverb 

in ihe-eye and hid kicked' 



her twice In the 



and the 



noun noun 
AlTk. VamierlKildt when asked to commoni, aaid " 



adj. 



exclamation 
_lle. I only pinched her 



Figure 4-9: Sample Madlib story sheet. 



small 

old 

witty 



rough 

ugly 

brain 



EXERCISE 2. 

Play MADLIB of MADLB2 on the computer. 
Set the tone of the finished story by using all ugly 
sounding words or all political words or all buzz- 
\yords from one profession (from BUZZWORD Exer- 
cises). Compare your stories with those of other class 
members. 

Wrivng Poe try by Compu ter 

Poetry does hot necessarily heed rhymes, regular 
ttietef, of a particular structure; it can be a combina- 
tion of words that tell a story, convey an impression, 
or express emotiohs and feelings. 



EXERCISE 1. . 

Ran the' computer program POET for a page or 
two of output: This is heavily random except that 
phrases fromNbur groups generally follow in order: 
The phrases, for the most part, are similar to those 
that might be used by Edgar Allen Poe. Some of the 
stanzas will seem to make sense. Overall the impres- 
sion is one of evil darkness and impending doom. 



O^K. WE'RE OOINO TO WRITE 90MJE MAD-LIB 8T0RE8 
tOOETlIER. YOU SUPPLY tHL^WOROS, 1 SUPPLY T(IE PLOT. 

•IBST i :VEEJD 11 AaJECtrVES. ADJECttVES MODIFY 

NOUN, CO., nCO, DmiY, LARGE, ETC. 
?fiED . , 
?DIRTY 
7LAR0E 
7U0LY ■ 
?CJiOOKED 
?MESSY 
7WHJBLIN0 
7CONFUSED 
TMOLDY 

7PREEZmO (, 
7HAD!Y 

NOW l_NeCD S ADVERBS. THEY MOOirY VERBS 
AKD END IN "LY" (SLOWLY, CREEOILY, ETC.) 

TSLQWLY . ' ... 

? GREEDILY 

7SLOPPILV 

DAILY ORUfrr CLASStPtEDB 

POB^SAL£t_ J917 8E.n&H^ THIS JlEU _CA« JS Df A DiftnLCONntTION; 

WAS FORMERLY OWNHD BY A LAKOB SCHOOL TEACHER WHO ALWAYS 
DROVE IT. SLOWLY. THERE 18 A_DOLY JfGECT IN THE BACK SEAT. - it _ 
HAS^A CWUKME TELETYPE ON THE HOOD; A CROOKED PADITJOB,. MESSY 
TPLES AND_THE_BACK OPENS INTO A_WHffiLINO PENCIl: WILL CONSmER 
TAKINO A 8LI0HTLY USED MARTINI IN TRADE. 

LUSTh -W THE VICINITY OF MAYNARD DUMP, A CONFUSED FRENCH 
POODLE WITH MOLDY HAIF AND A FREEZWO TAIL, IT ANSWERS TO 
THE NAME OF^fiALLY. WHEN LAW SEEN IT WAS CARRYTNO A OARBAGE 
CAN -H rrS MOUTH.- A HAIRY REWARD IB OFFERED. ; 



Figure 4-10. Sample run of MADtlB. 



EXERCISER. : 

Divide the class into small groups. Have each 
group select dhe of the groUps of words below and 
Use them in the computer program BARD. This prd- 
gram is the same as POET except it allows you to in- 
put your phrases instead of using those already in the 
cotnputer. 



NATURE PHRASES 

Carpet of ferns 
Morning dew 
Tang of dawn 
Swaying pines 
The song of nature 

Entrances me " 
Soothihgtne 
Rustlihg leaves 
Gehtly caresses 
Radiates calm , 

Mighty oaks 
Grace and beauty 
Silently singing 
Nature speaking 
Captures my senses 



INDUSTRY THRASES 



Harnessing energy 
Industrial might 
Steel, oil, timber, nylon 
Furnaces roaring , 
Around the clock 

Mi ning,-rast i ngv re f ^ ni ng 
Computer tapes whir'^ 
Hammers pounding 
Throbbing, pulsating 
Rubber, zinc, glass 

(YdU write these 5 
* phrases) 
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Untouched, unspoiled Machines and people 

Shades of green Improving life 

Tranquility Cbriqiiering poverty 

. : Evermore Energy . . . 

iSo peacefui . . Technology . . . 

EXERCISE 3. - 
Choose a subject and make up 20 phrases 
about it: Use the phrases iii the program BARD. 

EXERCISE 4. 

Read the computer-generated poetry below. Do 
you like it more or less than poetry written by hu- 
mans? Why? 

Since the computer was programmed by a hu- 
man* maybe we should regard the computer as an 
extension of the hand or the intellect of the writer: 
In this case the poetry is still really a product of the 
writer. Do you agree? Why or why not? 

OPTIONAL PROJECT I . 

Write a program to comptose any kind of poetry 
you wish. 

Some examples of computer-generated poems 
are given belGw. 



Cunriing passages meditate eyelids of stone . 
White western stars had brought wind into city. 

The Game of ANIMAL 

EXERCISE l._ _ _ 

For each of the following pairs of animals, 
write two questions that will distinguish betvvecn 
them. Write one question so that it cfh be answered 
"yes"' for the first animal in the pair; the other, "no." 



DOG 
HORSE 

ELEPHANT 
HIPPOPOTAMUS 



TIGER 
PUMA 

CAMEL 
LLAMA 



MOOSE 
RAM 

OCELOT 
CHEETAH 



EXERCISE 2. 

There are many possible ways to distinguish be- 
tween two things: For each of the following pairs of 
animals, write seven questions that will distinguish 
between them. 



OSTRICH 
GIRAFFE 



PENGUIN 
GORILLA 



"Astronorny" 

Taste and touch brighten 

spring snow 
Weeds brought the refusal 
Unbearable 

Weeds loitered western stars 
The earth catwalks the east 

rim 
Less vivid 

To rest the earth 

To have fog-breath 

The li'i*!e weslern stars fought 



V. "A Lioness'* 

Upon the shore 
All night 
Grotesquely 
Frigid final a Lioness 
says 

After a river 
Too soon 
To feel 

Shining meat-eating 

emotion 
Grinned 



"Beyond the Skuir : 

Happy I cried seircoriscibusly fleeing the city 
Green my wife gives to focUs and cunriing passages 
Naked my north room gliding iri its homicidal eye 
Secretive the streets live gulping with meditations 
Inland mountains hurled as trumpets below blades. 

Analgesic inland mountains grow to be my head, 
Secretive clues watched gulping so that hell 
Tarnished my north room to arrange beyond the skull 



EXERCISE 3. 

Play ANIMAL on the computer. Teach it the 
family of anirrials you developed for this exercise, If 
members of the class have chosen different families 
of ariirnals, the computer should be able to identify 
just about any anirnal when you are firiished. If you 
want it to remember the animals you have taught it, 
answer SAVE to the question: 

ARE YOU THINKING OF AN ANIMAL? 

Also, for a list of all the animals "known" by the com- 
puter, just answer LIST to Se above question: (See 
Figure 4-1 i on the following page.) 



SUMMARY AND CONCLUSIONS 



For years, novelists and scientists have been writing 
and philosophizing about the computer and its effect 
on man^his privacy, his leisure time, and his outlook. 
The computer in schools has had a profound effect 
on teaching mathematics and science; only recently, 
however, has it begun to be used in the Language Arts 
curriculum. Nevertheless, its role promises to be sig- 
nificant, principally because of its ability to motivate: 
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ARE YOU THINKING OF AN ANIMAK*' 




ARC -YOU-7»|}4KiNa OV AN ANIMAL"* YEH 




DOES IT SWIM? NO 




IT HAVE A TRlfNK'' NO 




ttOHH IT OO _Attr? NO 




DOES IT HAVE RETRACT IBLK CLAWy YES 




I50 ES IT _ L IV£. _ IN - THE iUNG l^-** Y 




Ui.rT THE KING OF THE JUNGLE N6 




la^ A tlGKIi?- NO 




THE ANIMAL YOU VUFHr TIIINKtMn I\V U>Ah a >> iiAtj-iiiirit 




PliEASE TY PE IN A CjUEttTION THAT WOUl l> l)ISTINCk7l*ni A 


PANTHER 


FROM A TIGER 


7bQE8 rr HAVE STRIPES 




•FOR A PANTHER THE ANSWER WOULD ME? .^O 




AJiE_ YdU_ TitDikiNd jof an animal? YKS 




DOES IT SWIM? YEH 




DOZH it HAVE ^IPPERJJ ? NO 




W IT THE LARGEST KNOWN MAMMAL' NO 




IS IT A FISH** NO 




THE ANIMAL YOU WERE tllD*KiiNtri5F-WAS-A^^t_ Tt^^^^ 




PLEASE TYPE IN A QUESTION THAT WOL -D DISTINGUISH A 


TURTLE 


FROM A FISH 


'DOES IS HAVE A BONY SHELL WHlCJL ENCLOSES ITS DObY 




FOR A TURTLE THE ANS\\TH WOULD BE? YES 









Figure 4-11. Sain pie interaction with 
the computer game, ANIMAL. 



After students play some of these games they 
no longer feel as threatened when they have to write 
something themselves. Their thoughts and creative 
talents seem to be freer. The automatic "turn-off' 
reaction some students have to writing tends to dim- 
inish, and all of a sudden creative writing is fun. 

There is no doubt that the computer will play a 
more inHuential role in the Language Arts class of the - 
future. It may never be able to teach a student the 
richness of expression, the humor, the drama, or the 
poignancy to become a great author, but it certainly 



will help the vast majority of students to express 
themselves in a more creative, clear, and concise 
manner. 



REFERENCES 

Ahl, David H., Creative Computing in Language and 
^ f^^i^^^pntii of a fbrthcbming book, 1974). 

Allen, John R., "Current Trends in Computer-Assisted 
Instniction."_Co/7jpurew and the Humanities, 7 
(1972), 47-55. 

Bowles, Edmund A., 'Towards a CoinpUter-Curricu- 
lum for the Humanities:" Computers and the 
Humgnities, 6{\97\h3l--45. 

Harmin, M., Kifscheribaum, H., and Simon, S. B., 
Ciarifying Values Through Subject Matter: 
1 Applications for the Classroom. Minneapolis: 
^ Winstbri Press, Inc., 1973. 

Oakman, Robert L., "Cornputer Fducatibn fbr the 
Humanities.: Multiple Possibilities at the Uni- 
versity of South Carolina." Proceedings af the 
Fourth Conference on Computers in the Under- 
graduate Curricula (1973), pp. 373-376: 

Straub, Detmar, W., Jr.,^The Machine and the Rain- 
bow: Computers in the Full Spectniin bf the 
English Curriculum ." Proceedings of the Fourth 
Confer en ce on Co hi put ers in ih e Un dergra dua te 
Currffura (1973), pp. 2 16-221 . 
Thames, Anna Marie, "C A I and English: A Tentative 
Relationship." Proceedings af the 1972 Confer- 
ence on Computers in the Undergraduate Curri- 
cula {1972), pp. 305'-3 10. 



152 



COMPUTERS IN THE MATHEMATICS CURRICULUM 
by Walter Koetke 



llMtRODUCTIOlM 

Is using the _cpr:iputer in the mathematics^urriculum 
a good idea? Let's first examine what we know. What 
is accepted as true regarding the use of computers in 
education? _ _ 

The computer is here to stay. Today's educaitors 
should be, in fact must be, concerned with finding 
the best ways to use computing facilities. There is ho 
longer any merit in debating whether of not the com- 
puter is a useful educational tool. Those who hoped, 
arid those who feared, that computers might take 
over the task of education were respectively disap- 
pointed and pleased. The computer is probably the 
most valuable single tool available to the education, 
but it is certainly not the only one and certainly not 
useful in all situations: 

Students who use compute ps like doing so and 
are rqotivated to continue. All of them? Gf course 
not-but far more than any other sin^e technique, 
device, or idea hias been able to intrigue. Student mo- 
tivation is accepted as one of the keyi to successful 
teaching, and all who have observed students using 
computing facilities are'impressed, if not amazed, by 
the very evident higii level of motivation. 

Students with reasonably unrestricted access to 
computing facilities do astonishingly gbbd.work. Be- 
cause they are unfamiliar with the usual adult con- 
straints of what can and can't be dbi i€-,-tteit wdrkjs 
often creative and occasionally significant far beyond 
thei'' classroom. Do you know how many perfect 
iiiimbers there are? Don't look in a history book— the 
last three were discovered in 1970 by a high school 
student with access to computing facilities. 

Let's examine some additional fL':ts about the 
use of computers in education: These miglit be of 
even greater interest because they were not always ac- 



cepted as true. They can all be characterized as former 
myths that have been demonstrated to be false. 

Myth. Only the best students can use the com- 
puter. When I had the opportunity to woik with first 
and second graders who were writing, entering, and 
executing their own programs, this one-time myth 
was valid, but its validity ends at about that grade 
level. The myth is particularly nbtewbrthy because 
exactly the bpposite has prbven true. Students with a 
low achievenlent recbrd benefit more from computer 
use than those with higher achievement. The reasons 
for this have not been clearly defined, but motiva- 
tional differences are probably very important: Most 
students with high achievement records are already 
well motivated, while students with low achievement 
records are not. Since increased motivation is one of 
the most noticeable effects of computer use, a poorly 
motivated student wiil be more affected than one 
Who is already highly motivated. 

Myth. Use of the computer in education is a 
luxury, not a necessity. Dr. Arthur Luehrmann of 
Dartmouth College is receiving increased support for 
his cbnteritiori that "computing is a new and funda- 
mental intellectual resource, in the same sense that 
reading and writing and mathematics are fundamental 
intellectual resources." How many educatbrs will 
categorize reading, writing, arid matheriiatics as edu- 
cational luxuries rather thari riecessities? 

Let's fdcus specifically on mathematics for a 

moment. Can mathematics educators afford to treat 
the computei as a luxury? Do today's mathematicians 
and mathematical applications apprjjiich the compu- 
ter as a luxury? Throughout the history of mathe- 
matics, the major emphasis of mathematicians has 
shifted to serve the needs of society best: Today that 
emphasis is on algorithms and computation: The 
changing mathematical needs of our society should 
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not be treated as optloiiai luxuries ;:fhey siibuld be an 
important, leqaired part of the curriculum. 

One aspect of this changing emphasis cari be 
seen by again looking at the history of mathematics- ' 
a history filled by clever men creating ingenious 
schemes to avoid computation. With the availability 
of the cc)mputer, computation has become very easy 
rather than tedious and difficult: The ingenious 
schemes from the past remain ingenious, but their 
importance is Jiistorical rather than contemporary. 

Myfh. The computer can be readily incor- 
porated into the traditional structure of education. 
For some types of comjDuter use, primarily problem 
solving, this myth remains reality. Although problem 
solving is perhaps the most valuable instructional ap- 
plication, the other possibilities cannot be ighored;- 
Thc computer makes possible truly individualized iri- 
V struction, testing, and evaluation-the type of individ- 
uaUzation educators have long attempted but never 
ach;c*ved: 

The computer provides students with an exten- 
sion of their own intellect. They can explore, test, 
analyze and create on a scale never before possible. 
Tjie work of Dr. Seymour Papert, co-director of the 
artificial intelligence laboratory at the Massachusetts 
Institute of Technology, has given some insight into 
the tremendous educational potential of the com- 
puter. Dr. Papert 's "mathland'' cannot, however, be 
described as a typical educational environment: The 
differences are in fact one of the primary reasons for 
the success of his work. Some specific examples of 
likely changes in the methods of mathematics instruc- 
tion are examined in the article 'The Impact of Gom- 
pUting on the Teaching of Mathematics,*' listed in the 
bibliography. 

Where are we now? What changes should be 
anticipated in the near future? Consider each of these 
questions as they apply to the computer's different 
instructional roles. 



USES OF THE COMPUTER IN MATHEMATICS 
INSTRUCTION 

prill and Practice 

The question-and-answer nature of drill and 
practice clearly requires interactive facilities: Batch 
processing installations will have to omit this applica- 
tion entirely. Programs to provide drill and practice 



can be implemented on a minicoinputer. Although 
not necessary, a medium-sized computer will ofteri 
simplify the programming effort required. 

The majority of drill-arid-jDractice prograins 
now beiri^ used have at least one common property— 
. they are boring. Such criticism should not be applied 
too harshly, however, fgr the very nature of drill and 
practice is boring in all but the cleverert disguise. The 
itibre effective drill-arid-practice prograr.is seen by the 
author have been written by students for their fJeers. 
When the girrimicks of the studerit programmer are 
combined with the educational advice and strate^ 
of a teacher/advisor, effective drill programs cari be 
developed; I have bserved therri for chemistry, 
French (verb conjugauon), arUhmetic operations, spe- 
cial education, and polynomial factoririg. 

One possible future benefit of computer- 
controlled drill and practice is that the computer can 
be programmed to record student progress and report 
it to the teacher. Although this added dimension has 
many positive possibilities when the computer is also 
used in a tutorial role, record-keeping in a strictly 
drill-arid-practice situation has yet to excite many 
teachej;^s. 

Two cautions are in order for the teacher just 
beginning to use drill-and-practice fjrograms. First, 
although students cari advarice through computer- 
generated exercises at their own pace, the upper limit 
imposed upon that pace can be rather slovv/. Terminals 
and video displays with a data transmission rate of 30 
charactefs per secorid are far rriore desirable than the 
usual Teletype speed for this apjDlicatidri. Second, stu- 
dents who need drill and practice Usually need it 
immediately, on ^ very specific topic for a very 
limited period of time. Thus to be a generally effec- 
tive device, the teachers* library requires a substantial 
programming effort as well as routine maintenance. 

Today the use of the computer as drillmaster is 
limited because effective drill and practice requires 
that a single student tie up a terminal for long periods 
of time. As the cost of terminals continues to drop 
and the rate of data transmission increases, this prob- 
lem will be less significant. Over the next five yeurs, 
however, I suggest that mosl drill and practice will be 
produced locally by the teacher/student coalitions 
already described. If you are particularly interesfed in 
this applicatidri, start programming; I do not believe 
that truly effeciive, reasonably fjriced drill-and- 
practice programs will be available commercially dur- 
ing the next five years. 
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Tutorial 

Work tb date has brily begiih tb rieveal the tre- 
itieridbus potential bf using the cbmpliter tb prbvide 
the Socratic flialbgue type bf iristfuctibri. If educatibri 
is ever tb be equally available tb all children, the cbrii- 
putef will be chiefly respbnsible. 

The most effective tutorial iristructidnal net- 
work I have seen that is actually implemented and 
being used is that supported by the Ministry of Edu- 
cation in Ontario, Canada: Their program is designed 
to meet the remedial and review needs of students 
studying high school algebra. The province-wide net- 
work is used by hundreds of students each day. The 
performance of all students is monitored, and analysis • 
of the monitored data is part of a continuing effort to 
improve the program. 

A computer tutor clearly requires a medium- 
sized, interactive facility. Using batch processing 
would be rimilar to giving Socrates a halF-million- 
dollar amplifying system so he could be sure his one 
student heard the questions. Tutorial programs 
written for minicomputers are primitive and abbre- 
viated at best. 

If ybu are interested in tutbrial applicatibris, be 
batient. As you view existirig systems, remember that 
ybu are probably seeing a very primitive example 
which lies only bri the surface bf a sphere bf possibili- 
ties. Truly effective use of the computer as tutor 
must permit the user to respond as he wishes— not 
with "yes" or "no;" not with the correct answer 
spelied right or the wrong answer; not with a multiple 
choice selection; and not even necessarily with an 
answer, he may have another question: Fantasy, you 
say? Such systems do exist! But they are not widely 
available, they require large computers, their develop- 
ment ^costs are staggering, and their reaction time is 
often measured in minutes. There are even programs 
that can understand, analyze, and solve a conventional 
statement of an algebraic . wd problem that might be 
found in high school textbooks. Again, however, yoli 
can probably teach your^owest student to solve the 
problem before the computer finally prints the an- 
swer. The computer tutor is the educational hope of 
the future, but that future remains distant. 

Prbbfem Sblvtrig 

Comp u ter as Problem Soiver 
If you attend almost any demonstratibn of 
computers in education, particularly those of the 



cbmputer companies theniselyes, ybli are likely tb 
believe that this niimber-criiriching applicatibri is the 
main edticatibrial use. This is a reasbriable cbriclUsiori 
after ybn are shbwri ari impressive prbgram library 
that cari haridle everythirig from binary additibri tb 
double integrals. Iri reality, however, the application 
rarely bccurs iri the mathematics curriculuiti. Perhaps 
a radically differerit mathematics curriculum will 
everitually make it more prominent, but I foresee no 
such change in the near future. 

Computer in Teaching Probiem Soiving 
This is where the action is! Allowing students 
to write, enter, and debug their own programs is un- 
questionably the primary educational application 
today— and is likely to remain so for at least the next 
five years. Teachers can use it to have students review, 
reinforce, introduce, apply, or create new ideas. 
Teachers and_students are limited primarily by their 
imagination. The computer is intended to be a tool, 
and here it is used as intended. The teacher can use 
the new tbol to teach, and the student can use the 
riew tbol tb learn arid explbre. 

Teachirig problem -sol vi rig requires rio niore 
hardware than a minicomputer. Although interactive 
facilities are superior, batch processing does not to- 
tally exclude this application, but it does severely 
restrict it: The greatest mistake a teacher can make is 
to underestimate the scope of the work students will 
do: The computer is a tool unlike anything else— it 
really can be an extension of their intellect— and 
every effort should be made to provide them with an 
adequate facility. 

Testimony regarding the merits of teaching 
problem-solving have come from advocates of all the 
instructional roles of the computer. The student who 
writes a drill program learns more than the student 
who uses it. The student who writes a tutorial pro- 
gram learns far more than the student who uses it. 
After one of my students wrote a tutorial progrsim 
on piolynomial factoring, he challenged me to find a 
factorable polynomial that he would be unable to 
factor without the computer. I was unable to find 
bne that everi offered a sigriificarit challenge. Students 
whb write simulations, games, or data analysis prd- 
grams similarly learri far more thari those who Use 
their programs. 

The problem -solvirig application can be used at 
all grade levels, including elementary. The work of Dr. 
Papert has been focused primarily on elementary 
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school children, and all are writing their own pro- 
grams. They not only manipulate numbers, but Ihiey 
also phiy music, draw pictures, and control robotic 
turtles through which they can simulate certain as- 
pects of their own behavior: 

The largest bulk of curriculum materials avail- 
able today assumes that the computer is being used in 
an atmosphere of teaching problem-solving. Unfor- 
tunately the available material also assumes lhat this 
is being done in an elective course rather than being 
integrated into the regular mathematics curriculum. 
Materials for the regular curriculum are coming, and 
their already overdue arrival should be applauded. In 
my opinion, elective courses are fun, stimulating, 
challenging, appropriate, and important; but mathe- 
matics teachers can honestly report that their work is 
serving the needs of society arid its children orily after 
the computer and. the riew mathematical priorities it 
dictates have beert incorporated into the regular 
mathematics program. 



Data Analysis 

Including daea analysis in the mathematics cur- 
riculum is likely to suggest a course in prbbabiHty 
and statistics. Such a course— riot just a chapter— is 
long overdue in riiany secoridary schools. Theie are 
several reasons for the delay. When presented ori a 
thiebretical level, the subject quickly restricts itself to 
the better students. Realistic problenis, everi with 
capable students, are often excessively difficult. When 
computing facilities are available, both of these ob- 
stacles are diminished. Theoretical probability does 
not become any easier, but having a computer to do 
much of the computation reduces the amount of 
theoretical material required. In addition, far more 
realistic problems can be solved with computei assis- 
tance. This application will, however, be difficult to 
■pinpoint as a separate item because in most cases 
student work is also likely to involve problem-solving 
as well as the creation and use of simulation programs. 

The future should contain a growth in the irii- 
plementation of data analysis applications. Miniconi- 
puters are quite capable of handling most of the 
jDrograms. Data analysis is brie apjDlicatiori for which 
batch process ir.g can be effectively used. Hopefijlly, 
the future will also find science and matheriiatics de- 
partments working together ori problems of data 
arialysis. Work in the science laboratory is often an 
ideal application for the techniques of data analysis 



taUght by the riiathematics department. Schools with 
their own computing facilities may even be able to do 
on-line, real-time data arialysis. 

SiriiUlatidns arid Gariies 

Cdniputer games fasciriate rtiiany Users but riiay 
alieriate teachers who do riot uriderstarid their place. 
The current state of the art is well documented iri 
David Ahrs 101 BASIC Computer Games. Certainly 
games interest students, and most will play a new one 
two or three times before becoming bored: Where 
then is their value? The most obvious benefits are ob- 
tained by those who write the programs, a task on 
which many students are willing to spend many hours. 
When writing programs they are working in the 
problem-solving role; and the value of this role needs 
rid amplification. Is there value in simply playing a 
game written by someone else? Wheri^ play is guided 
by a skilled teacher, there is irideed value. Analysis of 
the strategy followed by a program can be both chaK 
leriging arid valuable. Is it the best strategy? Why? 
How was it determineid? Let situdents play a game in 
which the conlputef's strategy is good but riot best- 
then challenge theni to deterfiiine and defend a better 
one. Educational benefits of game playing is an appro- 
priate topic for an entire paper: 

And then there are simulations: Here again, the 
one who does the programming learns the most; but 
simulations can be a valuable teaching aid: They are 
rarely in the exclusive domain of the mathematics 
department— they provide a convenient means for in- 
volving staff members from other departments in 
computer usage. The simulations available today have 
come from two sources: federally funded programs 
and student-teacher coalitions. The few really good, 
interesting^ and educatiorial simulatioris today have 
come from the latter. I expect the_ future to contain 
a coritiriually increasing riuriiber of good simulations 
as cbriiputirig facilities become available to larger 
riuriibers bf teachers and studerits. 

When considering siniulations, teachers shbUld 
reniembef two facts. First, a good sirtiulation prograni 
is not trivial. The prograni riling and research effort 
required is significant: Once written, a good simula- 
tion is likely to be used only once or twice a year in 
each class studying that the aspect of the subject, so 
that the actual use of simulation programs represents 
only a very small percentage of total computer use: 
This will not change until a great many more good 
programs are generally available. 
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SUMMARY AND CONCLUSIONS 

What should this discussion mean to the experienced 
- teacher? to the novice teacher? Hopefully you've 
reached some cohcliisibris—certainly ybu*re aware 
that there are more questions than answers when one 
(examines the use of the computer in the mathematics 
curriculum. 

. If you choose to leave with only one conclusion, 
let it be that computer use in a somewhat modified 
mathematics curriculurh is inevitable during the next 
five years, and that the computer will play an ever 
greater ro[e in a significantly changed educational 
structure during the next ten years. The choice for 
both experienced and beginning teachers is clear: one 
can help in planning the new mathematics curricuium, 
or one can sit back and watch things change around 
him. The precise place for, and best use of, the com- 
puter in the curiiculum is not know. AH teachers are 
faced with the perhaps unique opportunity of having 
a significant Influence on its formation. There are few 
experts-the educational use of computers is stil! a 
new tojjic. Learn about computers, then help develop 
and refine computer applications in that which youVe 
chosen as a career- the teaching of mathematics. 
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COMPUTERS IN MATHEMATICS INSTRUCTION 
by Elizabeth A. Williamson 



INTRODUCTION 

The era of **riew mathematics" has left serious scars 
on mathematics education. With its emphasis on struc- 
ture, abstraction, deduction, and precise language, 
"modern math" has been a major factor in producing 
a generation of students who have poof computational 
skills and little or no uhderstahdihg of mathematics as 
it relates to the real world, and who have been unable 
to find a sensible motivation or rationale for the 
study, of mathematics. ? 

Born in reaction to the defects- of the traditional 
mathematics curricalam and a widespread public 
mathematical illiteracy associated with it, new math 
was intended to make mathematics understandable. 
**In the new math," as the social satirist Tom Lehrer 
quipped, **the idea is to understand what you're 
doing, rather than to get the right answer." Yet the 
new mathematics movement has failed to alleviate 
mathematical illiteracy and has not successfully pro- 
vided motivation for the study of mathematics. Stu- 
dents by and large still have a distaste for the subject. 

Furthermore, in glorifying deduction and ab- 
stract structure, the mathematicians who created new 
math curricula attempted to present mathematics as 
they had come to understand it. But for many stu- 
dents, this approach clashed with a development pro- 
cess of intellectual growth. Piaget** tells us that formal 
logic in the adult sense of the term (the kind of logic 
required by the rigorous, deductive approach of the 
new math) does not even begin to be formed until 
eleven or twelve years old or, for some children, even 
later: Thus, for many secondary students, the modern 
mathematics curriculam was simply incompatible 
with their stage of intellectual growth. Those who 

♦Jean Piaget, To Vnderstand is to Invent (New York: 
Grossifnan Publishers,/! 973), p. 50. 
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had not yet developed the intellectual structures to 
deal with the curriculum were in grave difficulty, for 
most teachers did not consider the personal stage of 
intellectual growth as a critical variable in the stu- 
dent's .ability to succeed with the new math. 

Emerging from the hew math revolution, mathe- 
matics education is once again on the brink of reform. 
Educators and mathematicians are beginnirig to real- 
ize that in order Jo head in a proper direction for re- 
form they must first of all be sensitive to the finding 
of the developmental psychologists. They must creaft 
a mathematics curriculum which allows for individual 
differences in development, and which gives a teacher 
the flexibility to create learning eriVirdhments that 
respect the stage of each learner's intellectual growth. 
This means that the curriculum has to make options 
available for learners just beginning to acquire formal 
logic as well as for those who are more higfily devel- 
oped. 

Educators and mathematicians designing a new 
secondary mathematics curriculum are also acknowl- 
edging that they must pay careful attention to moti- 
vating the study of mathematics and making it a 
sensible line of study for the adolescent to pbrsue. As 
it is presently taught, mathematics does not and per- 
haps should not appieal to ninety-eight percent of the 
students. Morris Kline points out that it is how pre- 
sented as an esoteric study of abstractions, entirely 
intellectual in its appeal. It may have some emotional 
values for the creative mathematician, but certainly 
not for the student. 

At least two related strategies can be suggested 
for motivating a study of mathematics. One is to re- 
late it to the real world, and indeed even to demon- 
strate or let the student discover how the mathematics 
arises from and describes real world experiences. Mo- 
tivation for the nonmathematician cannot be mathe- 
matical. 
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It is pointless, to motivate complex numbers 
(for example) for the general student by asking 
for soiutions to + i = 0. Since riorimathe- 
maticians don't care to solve x - 2 - 0, why 
should they care to solve the former equation? 
Calculus texts "motivate" many of the concepts 
and theorems by applying them to the calcala- 
tions of areas, volumes^ and arcMengths. But 
^^^^'^AL^ 2i*so mathematical topics and the fact 
that the calculus en«nbles us to calculate them 
does not make the subject more engrossing to 
the nonmathematicians.* 

One natural motivation for mathematics is the study 
of real and largely physical problems. Historically 
speaking; nearly all the major branches of mathe- 
matics arose in response to such problems. For the 
jay person; mathematics should be a means to an end, 
and one should be able to use the concepts and rea- 
soning to derive results about real things. 

The use of real and especially physical problems 
serves not only to motivate mathematics but to 
give meaning to it ... the eiiipse is not just a 
peculiar IbcUs but the path of a planet or a 
comet. Functions are not sets of ordered paire 
hut relationships between real variables such as 
the height and time of flight of a ball thrown 
up into the air, the distance of a planet from 
the sun at various times of the year, and the 
population of a country over some jjeriod of 
years. Functions ;re laws of the universe and 
society. Math&mai - a] concepts arose from such 
physical situatior. :i phenomena and their 
meanings were phy - '.nl 'oi' those who created 
mathematics in the irsi p) :he.f 

Much lip service was given tr reisiii'i^. mair rnatics to 
the real world during the er: "f f*vj new ij ith: But 
"applications" were for the :ic c p.:::t lim? cc' *o the 
word problem section at ch?-/" : .r in wiirh the 
student was askec* to use so'i, • ?bt'tr '^tions has 
"learned" to solve a coniri A .ind ar::ficial ' ^rrob- 
lem" about real th?'>gs. Raitly ^.vcre s: dents given 
the opportunity, the time, and ^h^; su/port to make 
subst?ntial sense of and truly Utuders* ..d ;/ie,mati j- 
matics in tentis of the tekl world. 

For the most part, the rnajonty ofn^athematics 
students acquired borinj?, meaningless (to them), and 

♦Morris Kline, W/oL/ohnny Can't Add (New York: St. 
Martin's Press, 1973), p. if/5. 

t Ibid., p. 153. 



easily forgotten skiiis. Many succeeded siinply be- 
cause they became proficient at symbol manipulation, 
but they in fact iacked any understanding of what 
they were doing. The psychologists would tell us that 
this is the result of moving too quickly to a hi^fy ab- 
stract level without taking care to ground the ideas in 
real world experiences, or at least in experiences at a 
much lower level of abstraction. Thus a major strategy 
to be used in math education is to capitalize on the 
intimate relationship between mathematics and the 
world of real experience. 

A second strate©^ to solve the problem of moti- 
vation is implied by the first; it is to use a "construc- 
tive" approach to mathematics. With this approach, 
students themselves do the discdveritigof relatibriships 
and the creating and building of theorems and proofs. 
Iri mathematics as it is currently taught, the student is 
asked to accept froin outside an already ojganized iri- 
tellectual-disciplihe which he may or may hot under- 
stand. The constructive approach would pUt the 
learner in a context where autonomous activity would 
lead him to discover relationships and ideas by hiiti- 
self: This is not to say that the student must redis- 
cover all of mathematics, but only that when feasible; 
students ou^t to be given the chance to arrive at 
some of the major mathematical idess on their own. 
Traditional and modern math textbooks both give 
students the impression that mathematics just some- 
how came to be. That mathematics is a very human 
endeavor escapes them. And if they do realize that 
the theorems and proo^ in a geometry, book, for ex- 
ainples, were writteh by people, students are still 
deluded into thinking that the matheinatician who 
wrote them reasoned directly and unfailingly to his 
conclusions. Mathematicians ktibw that most creative 
work in mathematics is riddled .with false starts, guess- 
ing, and dead eiids. But students do not kjtow this, 
and thus are reluctant to become involved in auto- 
nomotis activity related^ to mathematics: They see no 
ethic of trial and error or of exploration on the pages 
of their math tests: Thus; the constructive approach 
both introduces the student to new concepts and en- 
courages him to become involved in the process of 
building mathematical theories of his own. 



USES OF THE COMPUTER IN MATHEMATICS 
INSTRUCTION 

Any role that is defined for the computer in mathe- 
matics education necessarily emerges from the basic 
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philosophy and orientation of* the mathematics cur- 
riculum itself. Computer use over the past several 
years has been shaped and controlled by the philoso- 
phy, arid content of the new math curriculum: Thus, 
students have been asked to program algorithms in 
order to learn them, because learning algorithms was 
valued as an end in itself in the curriculum. Since the 
curriculum itself was formalistic, the computer was 
used to support that formalism. Drill-and-practice and 
tutorial routines have been popular, again because 
they supposedly helped students master the facts and 
the algorithms. Students have not often pursued in- 
dependent investigations using the computer, for in- 
dependent investigation was not, for the most part, 
valued oi^encouraged in the secondary mathematics 
curriculum. And only the most innovative teachers 
used secondary mathematics as a context for develop- 
ing mathematical models, this approach did not fit 
the general curricular orientation, and teachere who 
used it had to be willing to go off the beaten curricu- 
lar path. 

If the new directions for reform outlined at the 
beginning of this article influence the mathematics 
curriculum of the future, our view of appropriate 
roles for the computer must also be influenced. 

Drill-and-Practice and Tutorial 

The role played by the computer as drill master 
or tutor as it is currently conceived and implemented 
would have little use in the new curriculum because 
it makes no contribution to developing an ethic of 
mathematics instruction that provides motivation for 
learning mathematics. Nor dbies it foster real under- 
standing. ivSther, by implication it blesses and encour- 
ages memojlzation witr.r.'--^ understanding arid the 
developmeiii ,jf skill in symbol manipulation. It di- 
vr ces thec;y fror.n applica-ions, and isolates drill arid 
pj.i ^ice in ^v.ri2 algorithnj^ from any context it 
wiiit.S the dr'l and practice contributes to some other 
goal. »'J drill -i^ri pr*- ctice is needed, I: can probably be 
do:ie i effecrtivoly without the computer as with it: 
But ic^aJly, v.- snould attempt to raise it to a 
probler.i -solving ie^e! * a strategy which will be ex- 
plained in the fol!v"-ir;v,xIiScussior . 

^". h ' ilu r>r?:»i. . . . a problem-sojving 

kvji -va: ■ RobeU 'Yrriy.z in his work bri 

urrv;Miu:/. ^ i-/: *. nry school ci» iH; ^n. It is found 

:^ . ;»y*.» ■ ♦ , f\ppIicahiH ty , iSowever. Sec 

t obt. , • yi.'-ticp at thv. Problem Solv- 



Problem Solwing 

Use of the computer as a problem-soiving tdoi 
will take on new importance under the new directions 
for the curriculum: One of the major coricerris iri the 
earlier discussion of curricular reform was that mathe- 
matics be more authentically related to the real world, 
both in terms of creating learning situations in which 
mathematical concepts could arise from direct experi- 
ence and in terms . of applying newly discovered 
mathematical ideas to real world problems. In addi- 
tion *o the highly formalistic approach of the modem 
math curriculum, there were ; probably two other 
major problems which heretofore prevented integra- 
tion of mathematics and real experience. 0ne was 
lack of full teacher understanding of the relationship. 
A second \yas the lack of appropriate tools with 
whiclj to make real world investigations, because once 
we become erirrieshed in real problems of significance; 
Calculations often get complicated, messy, and are 
prone to error. 

The cortiputer provides a powerful tool which 
can truly enable buildirig the bridges between mathe- 
matics arid the real world. A study leadirig toward the 
concept of function, for example, might begiri with 
observations of everyday phenomena which exhibit 
functional relationships (e:g: the weight of a package 
and the cost to mail it; caloric intake and body 
weight; the circumferences of circular objects and 
their diameters). When some understanding of the no- 
tion has been developed, we may want to look at 
functions that describe population;, growth. After 
appropriate background work, we might look at the 
function derived by Pearl and Reed for the growth of 
populationf: 

1 +a(2.718)*' 

v/here y is the population of a country r years after-a 
fixed data, a arid k are numbers whose values depend 
on the regiori to which the formula is applied, and L 
is ari upper limit imposed by physical conditions on 
the population of a regiori or couritry. Students can 
use the computer to generate points for plotting a 
graph of this function, and for exploririg the varia- 
tions caused by changing parameters. They can dis- 
cass the meanings in real terms of the graph arid the 

ing tevel-An Altemmive (Washington, D:C:: Curricu- 
lum Development Associates, 1973). 

, See Morris Kline, Mathematics and Western Culture 
i S'ev/ York: Oxford University Press, 1964). 
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variations: Given values ior t\ a, and k which make 
the formula specific to the United States: 

- - 197.27 

^ " 1 +67.32(2.7I8)-0313/ 



students mi^t again use the computer to generate 
data for plotting a graph vfhich depicts the grovfth of 
the population of the United States over a period of 
years. Popuiations predicted by the formula for 
specific years can be compared with census reports 
for those years-leading to a discussion of the nature 
and Hmitationb; of a' mathematical model. Population 
growth forothcr countries can be studfed. Other func- 
tions derived for population growth might be found, 
and students could use the computer to compare the 
predictions of each. Many other questions and direc- 
tions of study could be pursued. Throughout this 
entire process, the mathematics is being tied tu some- 
thing that is very real in the student's experience -the 
number of people in his world. Significant investiga- 
tions are taking place, and it is the computer which 
enables these to occur. Without the computer, it 
' would not be feasible for a student to conduct this 
sort of investigation. Done by hand, the calctilations 
would be Unbearable. 

In the case just described, the program could be 
written by a student or group of students, or it could 
be supplied as a "canned" program: Here a significant 
point can be made: if students write the program 
themselves, they are in a context where writing the 
program is not an end in itself, nor is it done only 
to iearn an algorithm or reinforce a fact. The end of 
the activity is to get the student to use a mathematical 
function to investigate population growth. Yet in the 
process of achieving that end, we can also work 
toward accomplishing other objectives, some of 
which ''might be skill in programming, practice with 
exponentials and graphing, or building understanding 
'^f the notion of function. But here, these objectives 
are achieved as by-products of ehgage;rient in the 
principal activity of investigating the nature of popu- 
lation grov^th. Learning the techniques of prograrri- 
ming or graphing exponentials are no longer ends in 
themselves; they have been raised to a problem-solving 
level and become means to an end that makes sense in 
the studentsVwbrld of real experience. 

Many investigations of this type can be designed 
and integrated with computer use. Especially helpful 
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in planning endeavors of this sort are such books as 
Morris k\ine\ Mathematics in Wcst^ Culture and 
James Newman's The World of Mathenmtics^^ 

The new curricuiar and pedagogical considera- 
tions help us to further evolve our view of the com- 
puter as a problem-solving tool. In particular, the 
computer can play a significant supportive role if we 
begin to take a constructive approach that allows and 
encourages students themselves to discover ideas and 
build theorems and proofs. The approach can be used 
to get at specific mathematical content and also to 
involve students in the process of making independent 
investigations by observing data, creating hypotheses, 
and building theorems. 

For example, one pervasive concept in secon- 
dary mathematics is tiie relationship between an alge- 
braic representation of a set of points (an equation} 



and 1^ ^ ; " lepiresehtatibri of the same set of 

poiip • the equation). Understanding the 

relau . kh equatioh and its graph is a 

fiiiida jsrivical skill, which assUmes^everi 

fr^'^Ur- . .^'ii.en we pUt rndre emphasis on 

. ap of n>ath?rnatics. For simple linear 
and m-r ; ciuatiors. iHU relationship is easy to 



den^onstrHte liid illustrate: But once the equations 
become more l^tere3ting^tedious calculations are nec- 
essary to generate enough points to get an accurate 
picture of the graph of the equation: The calculations 
involved in determining points which satisfy equations 
describing the conic sections, for example, get very 
messy, are exceptionally prone to ern ^nd usually 
involve the use of a square root table s a conse- 
quence, students usually do not themselves "con- 
struct'' graphs from the points generated by the 
equations and make their own conjectures about the 
nature of the graphs which result from ceitain types 
of equations. They are deprived of extensive experi- 
ence with graphing a variety of equations and the op- 
portunity to rriake pictorial associations with the 
various types of equations. In short, there is not 
much chance for them to make sense of the relation- 
ships. In many cases, students resort to learning the 
symbol manipulation "tricks" which get the equations 
into specific ' forms" and then learn the "rules" for 
ideritifyihg the type of graph that will result from 
specific equations. But in fact, they lack any real 
i'nderstahding, for they are forced to use pUre abstrac* 
tions too quickly. For many students, this jump does 
violence to their intellectual development, and the 
psychologists would tell us that moving so fast to a 
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'if • 

high level of abstraction is a very good way to stifle 
concept development for all learners. 

On the other hatid, if a studer^t cart write or 
have access to a computer program which wilj gener^ 
ale sets of points that aisfy an equation describing 
a conic section, he can use the conipater-generated 
data to plot as many graphs as he wants or needs to. 
He can compare the equations with thejraphs, and 
he can begin to make some hypotheses" about rela- 
tionships between Mhe equation and the shape and 
positiofTDfJ^^ graph. He can test his theories and 
refine them. In this way , the student is able to make a 
more extensive arid understai^able study of the rela- 
tionships between an equation and its graph than was 
ever feasible without the computer, and he can build 
an experience base which will enable him to under- 
stand the trMngfition to an algebraic analysis of the 
equations. But most importantly, the student will 
himself have discovered the relationships between the 
equations and iheir graphs, and wilJ have become in- 
volved in the process of creating mathematics. 

Another major role for the computer emerges 
when we think about using a constructive approach 
to mathematics education. We can begin to think of 
the compiler as a problem-suggesting tool as well as a 
problen ing tool. _ 

0_ way to involve students in creating mathe- 
matics by building theories is to put them in learning 
situations where, while there may be no specific con- 
tent we hope they will discover, they can encounter 
data which suggest hypotheses that they can formu- 
late, test, and revise, arid from which they can buUd 
theorems. The computer can be of enormous value 
in creating such problem-suggesting situations. Ah 
aiustratiori vvili clarify the idea. 

Many secondary students are familiar and com- 
tbrtablc with real numbers in the raw, even though 
they are still not able to deal easily in a formal logical 
manner with algebraic statements involving real .vari- 
ables. Thus, they can observe data or tables of real 
numbers and make hypotheses about patterns they 
see, even though the same hypotheses handed down 
in the abstract would probably baffle them. 

Project REACT developed a computer program 
which enables such independent investigations. This 
program (1) lists, tallies^ and sums the factors for any 
given positive integer and (2)MiSts, tallies, and sums 
the factors of every integer between any two given 
integers a and b inclusive. Even the tables of numbers 
geiierated by listing, tallying, and summing the fac- 
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tors of numbers froni I to 30 is replete with patterns 
and relatibriships which students_ can discover. The 
data themselves suggest problems to explore and 
questions to pursue: It is in this sense that we can 
view the computer as a problem-suggesting tool: it 
pives the student access to data that would never be 
available to him if he had to generate them himself. 

Use of the computer as a problem-suggesting tool 
also promotes individualization in one of the best 
senses of the term. Several different learners can use 
the same data base, and each can pull frdrti it prob- 
lems and questions at his own level of sophistication: 
Some learners will make only the most obvious ob- 
servations and hypotheses, and develop only intuitive 
proofs, while others will develop intricate theories 
and be able to present formal, deductive proofs. But 
all will be engaged in the important process of creating 
mathematics, and will have the freedom to move in a 
direction which respects their level of intellectual 
growth. Many computer programs of this type can be 
designed by both teachers and students, and some are 
^ even available as canned programs:* 



Data Analysis 

Use of the computer fo^statistical data analysis 
is certainly appropriate in mathematics education, 
especially as we look toward to the future with its 
emphasis squarely on applications. A p^rogram such as 
the Statistical Analysis Package (SAP) described in 
the. Uses of the €omputer In Instruction booklet 
would certainly merit use in the mathematics curricu- 
lurii. Applying statistics to the real world is one of the 
most familiar applications of mathematics, and also 
one that can generate a high level of interest among 
students. 



♦See in particular the REACT Mathematics Units 
(Portland, Oregon: Northwest Re^onal Educational 
Laboratory, 1972). Another good example of a pro- 
gram which supports individualized investigations is 
one suggested by John Williamson in his article "A 
General Structure for Jthe Study.of Prime Numbers," 
The Mathematics Teacher, 60 (March 1967). WiiUam- 
son creates some new definitiorTs and pbihts a direc- 
tion for investigating the distribution of prime numbers 
ill a variety of domains. A rather simple corriputer pro- 
gram is used for the investigation. The data generated 
are rich with patterns and suggest many theories and 
' questions which could be formulated by even average 
secondary students. 
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SirnolBtion 

_ Computer-based simulations and games also 
Jj,"^- relevance to the mathematics curriculum 
Onc^ again, the compote;' playS the role of an enabler, 
for by developing mathematical models as the basis 
for computer simulations, studr ,ts gan get into the 
process of experimenting with tlieir models. The com- 
puter allows the otherwise static model to come to 
life and allows the student to explore the implications 
of his rnodel and refine it appropriately. 

One should, not assume that SdpihiStication in 
higher mathematics is prerequisite to buildinj models. 
Even young learners can build models wWch, though 
elementary and crude, capture some essential features 
and relationships of a real situation. A wide variety of 
stiggestlonS at various levels of difficulty for models 
which could be built by secondary -itadents can be 
found i^n The Engineering Concepts Curriculnm Proj- 
ect publication Tfie Man-Made World. The develop- 
rnent of mathematical rriodels and eventually of 
simulations could be for some students a natural out- 
growth of n mathematics curriculum which focused 
sharply on the relationship of mathematics to the real 
world and used a constructive approach. 



Some Concerns 

"lajor concerns must be voiced at this 
point In the discussion. The first relates to the/iature 
of the materials that will be offered to suppbrt'com- 
puter usage. In my opinion. If computers are to be 
tully atilized. the possibilities must arise from the 
context of a total curriculum rather than frdpi iso- 
-ated appendages to whatever else happens to be in 
use by the teacher at the time. A good curriculum 
must have a clear conceptual desi^. appropriate 
teaching methodologies, and an underlying theory of 
learning with which the concepts, content, and teach: 
ing methodologies are consistent. It should also be 
"unfinished" in a very Sophisticated sense.* An un- 
finished curriculum has a conceptual design and a 
content backed by scholarship in the acaHemic dis- 
cipline which are compatible with a creditable theory 
of learning. It is not 'bounded by a rigid scope and 



: notion of 



The nodon of ah unfinished curriculum was first cbn- 
ceived of by Francis R. tink. Senior Associate at Cur- 
riculum Development Associates, in characterizing the 
curriculum as Man: A Course of Study. 
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sequerice; rather, jis conceptual design is clear enough ' 
. to enable teachers and scholars to adapt, modify and 
go^feeyond the original desigii. It gives teachers a valid 
an4 usable framework within which they can develop ■ 
test, and use materials and activities. An unfinished 
cnrricalum provides teachers With a model curriculum 
and^invites and encourages them to continue its devel- 
opment in accordance with their own talents and 
teaching situations. Such a curriculum enables teach- 
ers to look at their own developments in a broader 
context 6nd gives them a basis forjudging the effec- 
tiveness of these developments. If such a curriculum 
could be developed for secondary mathematics, it 
would allow for continuing developments in computer 
usage, but it would help teachers know how to uSe ' 
these developments and still preserve the integrity of 
the curriculum. , 

^ Directly related to this is a concern for teacher ' 
education. Use of the computer as conceived in this 
paper requires a revised view of teaching and leaminfe 
and in many cases requires of teachers new intellectual 
skills in mathematics: There can be no successful im- 
plementation of a curriculum which expects these 
changes on the part of teachers without a strong com- 
mitment to teachej education. Ideily, the teacher 
education should be curriculum-based, and should be 
an integral part of the dissemination effort. 



SOMIWARY 

The roles defined for the computer in matK:matics 
education are necessarily determined b> the philoso- 
phy and Orientation which underlie th^ curriculum 
Itself. New directions in mathematics education 
now emerging call for a new look at roles for the 
computer. Increased emphasis on the tie bfetween 
mathematics and the real world suggests a significant ' 
role !n allowing for investigations of si^ificant real 
world problems. A trend toward taking a constructive 
approach to' mathematics alSo opens new roles for the 
com^puter, bojh as a problefn-solving tool and a 
problem-suggesUng tool: Use of the computer in data 
analysis and simulations and games also takes on new 
importance for a curriculum which highlights the 
relationship of mathematics to the real wo^Id If corn- 
puter usage Is integrated with a total curriculum and 
bound to a strong teacher education commitment it 
can become an active agen.t of continued curricUlar 
renewal. 
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COMPUTERS iN MUSiG EDUGATieN by bihda Bbrry 



INTRObUCTION 

Many people are beginning to acknowledge the vaiae 
of the computer in math, science, and business educa- 
tion classes. Some see possibilities for it in social sci- 
ences, industrial arts, and home economics. Very feW, 
however, have ever considered its place in the humani- 
ties.' indeed, to Jome the concept of computers in the 
humanities is a contradiction— they see the computer 
removing the human element from the humanities. In 
this article I hope to shed some light on what is being 
done and what could be done with the computer in 
the area of secondary school rtitisic education. 

First, we should review the prevalent siecbndary 
school music course offerings and their apparent goals. 
The offerings can be divided into three categories: 
performance groops, general music, and music appre- 
ciation and theory. The performance groups— band, 
-orchestra^ choirv-and-small sabseb of-these^r^eekitai 
give the student skill in a performing medium; to 
develop his understanding of various musical ele- 
ments, structures, styles, and periods throu^ p^^r- 
formance of works by selected composers; and to give 
him the deep appreciation of musical performances 
which can be gained only by having participated in a 
performing group. The goals of the general music ' 
class are similar, but there^ is less emphasis on skill in 
performance and more on listening skills and studying 
about music. Theory classes, like general music classes, 
do not place the emphasis on performance skills but 
delve deeply into the elements and striK:ture of music. 



USES OF THE eOMPUTER IN MUSIC v 
IIMSTRUeTION 

How does, (or can.) the computer fit into the three- 
part music curriculum? I see it as having impact in all 
five of it5 ijirtructional roles: drill, tutorial, problem 
solving, data analysis, and simulation. 



Drill and Practice 

Music, perhaps more than other disciplines, re- 
quires skills that must be learned by drill and practice. 
All good musicians remember spending seeming!''' 
endless hours practicing scales arid other rUdimeh^tr 
essential to good perfdmlarice. Although little has 
been done vo utilize the computer to monitor prac- 
tice sessions, it has been used easily arid successfully 
for drilling ear-training skills. 

How is this done? Let me give an example. If a 
teacher is interested in drilling students in interval 
recognition, he could prepare a set of cassette tapes 
to be used in conjunction with a computer program.* 
Each t^pe might contain ten exercises of five notes 
each: In the easiest exercises the notes are separated 
by intervals of a major second; slightly more difficult 
exercises have either major seconds or thirds; and ulti- 
mately the most difficult offer a wide variety of inter- 
==^vals— A f ter-cr^a ti n g -the-tapes^the te adierJnpu ts^hc^ 
notes^into the computer, along with the name of each 
student who is to use the program 

What does the student do and see? After logging 
iri to The computer he receives information telling 
which tape should be used that day. Then, from one 
to fdUr notes of the appropriate exercise are printed, 
with the missing notes iridiciated by blanks. After lis- 
tening to the tape, the student fills in the missirig 
notes, getting three chances to correctly ideritify each 
note, after which the computer responds with the 
correct answer. In addition l.j presenting the drill and 
giving instant feedback, the computer keeps records 
on student progress, noting the frequency of errors 
for the various intervals: Based on tiiese records, it 
can prescribe appropriate supplementary or remedial 
tapes for individual students. 

*I here descri^'b a hypothetical and fairly sophisticaie^t 
computer program for drilling students bn interval 
recognition. ^ 
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This type of program couid easily be modified 
to drill such thinp as rhythmic or harmonic pattern 
recognition: 

Some advantages of computer drill over more 
conventional drills are ihat it provides more opportu- 
nity for individualized curriculunr to meet students' 
needs, allows more class time to be devoted to other 
activities, and provides accurate and up-to-date rec- 
ords of student progress and difficulties which can 
facilitate individuahzed student-teacher interaction 
and student groupnig. 

TutonA 

As in inany other fields, the coinputer can be 
used advant2f;eo(is}y in music education in a tutorial 
mode- that n>: to teach i)e ✓ skills or concepts— for 
examplf . forr t recognitr n, elements of interpretation 

f (phraMi'g, & imics, c^. :), and such aspects of theory 

^ asharrtonj . ily^s: 

You tuzy wonder how an average music teacher 
with no cor yWr background can computp:ize ma- 
terial to tJRs idvontage of th^. capabilities offered: 
The answ'*'- usually is (o use an author languan^ H'huih 
is 2vail'ibie on the system. Author ian«?jaoes vary 
greatjy in both flexibiHty and ease of usa[,e, but foi 
the most part they are fairly simple and straight; ):- 
ward and enable the person with little or no computer, 
background to create good tutorial material:;. 

Profclcirn Solving 

A third mode of computer usage iil music edu- 
cation is problem solving-using the computer both to 
do data manipulations which by hand are cumber- 
some and tedious, and to teach problem-solving skills 
through programming: 

Anyone who has studied music theory remem- 
bers the headaches involved in working with t!ie 
components of l2-tone music; the row, its inverse, 
retrograde, inverse of the retrograde, and the various 
transpositions. Deriving these is a natural task for a 
computer. Given as input any tone rowi the computer 
can respond with all the related elements in the time 
it takes to do the printing. 

Teaching problem-solving skills by having stu- 
dents write computer programs has interesting appli- 
cations in music, especially theory. As ah example, a 
fascinating interdisciplinary study can be made by 
exploring the relationship between mod \2 arithme- 
tic and both :12-tone music and transposition. To do 




Figure 4-12: Mathematical model of the 1 2 chromatic 
pitches. 



this It iS necessary to create a mathematical model of 
the 1.2 chromatic pitches, as in Figure 4-12: The 
pitches are arr.'.nged in order around the face of a 
clock, with each pitch corresponding to a number. 
This riiodel can be used in transposition, as follows. 
Suppose a melody is to be transposed up a major sec* 
bnd. To determine the transposed notes, simply lo- 
cate the original note on the wheel and move two 
positions in a clockwise direction: an F becomes a G, 
ah becomes a C,_arid so on. With a yeiy rudimen- 
tary knowledge of BASIC or some, other computer 
language, students can write a simple program to do 
trahspdsition, thus reinforcing their understanding of 
the procedure and at the same time learning concepts 
of mod 12 arithmetic. 
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PRINT "NUMBER OF HALF STEPS UP"; 


20 


inpUtb 


30 


READ A 


40 


IK A=0 THEN 110 


50 


A=A+B 


60 


IF-A-<:= 12 THEN 80 
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.A=A-12 
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PRINT A; 
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SOIO 30 - - - 


100 


DATA 1, 1,8 ,8. 10, 10, r .tj,fi;5,5,3,3,l,0 


110 


END 





Figure 4-13. Listing of a sample transposition pro- 
gram. 
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Figure 4- j 3 shows a transposition program iiist- 
ing where the numbers in the DATA statement cor- 
respond to the notes of 'Twinkle, Twinkle, Little 
Star'-: 




Figure 4-1 4: Musical Notation of DATA Statements in Figure 4-13. 



After asking the user where to transpose the piece 
and receiving a response, the computer takes the 
"notes" from the DATA statement and one by 
- one adds the appropriate interval to each, checks to 
see ii* the new note is greater than 12 and if so cor- 
rects iU and finally prints »t the transposed note. !n 
the sample runs (Figure 4 : . ), all typing done by the 
user is under! ined. . 



met 



NUMBER OF HAtF STEPS UP? J. — Keij ^ O 

3 3 10 10 12 12 10 

5 3 

DOME 

Bm 

NUMSEft OF HAt-F STEPS UP? 10'— Kgq »f 
11 i i 6 6 8 8 A 

111 

DOWE _ 



Figure 4-15. Sample run of program listed in Figure 4-13 and the mnsical notation of the first run. 



Another interesting applicatibh of this nibdel is 
in determining the inverse of a 12-tbhe row. The in- 
verse is ndrmally formed by inverting all intervals in 
the row: where the row goes up a 4th, the inverse 
goes down a 4th, and so on. When inverting a row by 
means of a tone wheel, one simply counts the number 
of positions the row moves in a clockwise direction 
and then finds the next note of the inverse by moving 
that many positions counter-clockwise. Ii is ii relative- 
iy simple programming problem, and by writing the 
program, the student not only iearns about the in- 



verse of a tone row. hui also bep:i to unravel some 
of the mysterious intertwining of math and music. 

Data Analysis 

A fourth mode of computer usage is data analy- 
sis, and here too applications may be found in music. 
It is possible to put an entire musical score into nota- 
tion that can be handled by a computer and analyze 
it for any nurnber of things: melodic, rhythmic, and 
harmonic patterns; phrase length and construction; 



1G7 



COMPUTERS IN MUSIC EDUCATION 



155 





^ — 2 




E 






D 


(66. 7 r 


0.0 


0.0 


0.0 


0.0 


D# 


-0.0 


0.0 


0.0 


0.0 


0.0 


E 


50^0 


0.0 


50.0 


O.D 


0.0 


F 


d.d 


d.d 


d.d 


d.d 


d.d 


ti 


0.0 


0.0 


50.0 


0.0 


50.0 


c_ 


D.D 


0.0 


0.0 


0.0 


so.o 


Gf 


0.0 


0.0 


0.0 


0.0 


0.0 


A 


0.0 


0.0 


0.0 


0.0 


0.0 


Ai 


d.d 


d.d 


d.d 


d.d 


0.0 


B 


0.0 


0.0 


0.0 


0.0 


0.0 


C 


0.0 


0.0 


0.0 


0.0 


0.0 


C# 


0.0 


0.0 


0.0 


0.0 


CO 



66. n of all b*8 were fpilowed by D's. 
?3.3Z of Che D*s were followed by A*8. 




C _ 
0.0 
0.0 
0.0 

d.d 



0.0 

o;o 



0.0 0.0 



Rows 
indicate, 
the hinnber 
^of times 
each note 
occurred. 



Figure 4-16. Slaitiple run of a music diata analysis program. 



use of dynamics; arid others. What is more, if numer- 
ous compositions are stored iri computer ribtatibn, 
astcunding comparisons cari be made. The technique 
'r valuable ^dr tryirig to ascertain authorship of a 
Cv^r.ipositidn the computer compares data on a ques- 
■'oneil compt;sitidri to data on pieces kriown to have 
been written by a certain composer. 

An example of Uisirig the computer for musical 
analysis could be a problem in which you are trying 
to determine melodic characteristics of a certain com- 
poser's music. One method mi^t be to set up a 
-Tnelodic probability chart indicating the frequency 
with which any note is followed by another note: The 
computer can take as input the melodic line of several 
compositions written by a composer, analyze them, 
and produce as output a chart like the one in Figure 
4-16. Generating charts on a number of composers 
and comparing them by computer can produce inter- 
esting results. 



Simulatioh 

The fifth and, in my opinion, most exciting use 
of computers iri music, is simulation, in which the 
computer is Used to write music. Ari interesting proj- 
ect offering valuable learning experierices is to have 
students "teach" the computer to write simple two- 
part compositions .'hich, altjiough riot particularly 
interesting, are fairly pleasing to the ear. How might a 
student go about doing this? 

First he would learn about the random number 



generator.* Then he would construct •"ome type of 
musical model, perhaps by assigning the numbers 
1-25 to the notes from g to gl arid— generating rari- 
ddm riUmbers iri the range of 1-25— have the compu- 
ter create a melody. Most such melodies are sirriply 
toe ran don i to be pleasirig to the ear. But after experi- 
ment irig with several, studerits may decide to place 
cbritrols on the note selectibri process. One cbritrbl 
could state that brily notes iri the G major scale are 
acceptable; a further step might iriVblve limiting the 
riUmbef, size, arid direction of the skips iri the melbdy; 
arid so on. Some studerits might even come Up with 
the idea of using melodic probability charts like those 
described eariier. Some students may stop after pro- 
ducing a few acceptable melodies, but others will ex- 
periment with adding rhythm and hannbny, all the 
time learning more about music and composition, in 
the entire process, the computer plays the role of a 
stupid but obedient servant who has no personal taste 
in music. 

The sample in Figure 4-17 was written by the 
computer after much learning had occurred. 

A student who works on a project of this nature 
riot only has fun_arid_ learns theory; he also develops 
an appreciation for the human riiirid arid its creative 
talents and for the works of gbod cbmposers, who are 
able to break many of the "rules" and yet produce 
inspiring rtiUsic. 

*Use of a random number generator is comparable to 
rolling a die or spinning a spinner: 
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Figure 4-17. Notatibii of a CDmposition written using a computer simulation program. 



SUMMARY AND CONCLUSIONS 

The computer, with its cat>abilities in drill, tutorial, 
problem solving, data analysis, and simulation can be 
an asset to music education of alj types, but is of par- 
ticular value in music theory. Although few music 
teachers have investigated its potential, those who 
have generally express positive attitudes: J ioresee the 
bulk, of computer usage in music education lying in - 
the areas of drill and tutorial; some, however, will 
avail themselves of the opportunity to use the com* 
puter in the other capacities, especially as computer 



literacy among students increases. The possibilities 
are exciting! 
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COMPUTERS IN PHYSICAL EDUCATiQN by Jim Sydew 



INTRODUCTION 

The cbmpiiter is described as a machine which assists 
us in the menial mental tasks, thus expanding our 
abilities and capabilities. The computer is fast, accur- 
ate, an i stupid while man is slow, inafccurate^ and 
brilliant. Although its application to t|ie^>rbfld of 
physical activity is hot readily appareijirffie computer 
cart serve asi a viable instructidoal tool in the process 
of physical education. The purpose of this article is 
to explore various £Orifiputer applications which either 
could be oj-afe being accomplished in the physicial 
education curriculum: 

^ Typically, education in a physical activity in- 
corporates not only the actual play, but instruction 
on rules, optimal strategies, general feel of play, physi- 
cal as well as othej :benefits, and skill development: 
While strategy execution and skili development are 
best left to direct experience in the activity, the area 
of develop^ingan understanding of the rules, strategies, 
and benefits of these -activities can make significant 
use of computer-based instructional applications 
similar to those used in other areas. 



USES OF THE COMPUTER IN 
PHYSICAL EDUCATION 

Drill and Tutorial 

Not all modes of computer usage are appli- 
cable in the physical education curriculum. Drill 
and tutorial uses appear to offer few benefits. Rules 
for an activity may be learned by computer drill, but 
the amount of time required to accomplish this for a 
class is probably too great to make it a viable use: 

Individualized computer drill on exercises and 
their physiological benefits can be useful for learning 
activities which strengthen all areas of the body for 
maintaining life-long physical fitness. For this instruc- 



tion to be effective, ho\yever, an additional step is 
required-a transition must be made from the mental 
knowledge to the physical performance of the 
activity. 



Problem-Solving 

Computer problem-solving uses fall into two 
categories. First are the prewritten programs designed 
to solve a particular problem, such as scheduling 
games; these may be used continually as the same 
situation is con fronted. Figure 4-18 shows a sample 
run of a program which generates round-robin sched- 
ules for an entered number of teams. 



Figure 4-18. Sample run of problem-solving program 
used in physical education. 



CET-$SCHDU 










BUN-- - 












SCHDLI 














KOBIN SCHEDULE 




PERIOD 1 




INPUT 


» TEAMS76. 






GAME 


HOME AWAY 


0 1 


2 "3 


4 


5 


1 


1 2 










2 


S ^ 


1 0 


3 4 


S 


2 


3 


6 4 


2 3 


0 s 


1 


4 


PERIOD 2 












GAME 


;iOME AWAY 


S 4 


S 0 


2 


1 


4 


a 1 










5 


6 2 


4 5 


1 2 


0 




6 


4 S 


5 2 


4 1 


3 


6 


PERIOD 3 












GAME 


HOME AWAY 










7 


1 4 












Z 3 










9 


S 6 










PERIOD 4 












GAME 


HOME AWAY 










10 


5 1 










11 


4 2 










12 


3 6 










PERIOD S 












GAME 


HOME AWAY 










13 


1 6 










14 


2 5 










15 


3 4 










DONE 






i7u 
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Other types of management assistance can be 
offered the physical education teacher— for example, 
using the computer to schedule school facilities with 
the physical education classes, Although these are not 
directly instructional uses, they support and assist 
the teacher. 

The second way computer^ can be used in prob- 
lem solving is to involve the student iii writing 
prbblem-sblvihg programs for sports and other recrea- 
tional activities. Many benefits are derived when the 
student, through prdgramming, must teach the com- 
puter exactly what to do. The program listing and run 
beginning below is a student-written bowling scoring 
program. : 



Data Analysis 

A key interest factor in many competitive game- 
type activities is the myraid of statistics maintained: 
The process of storing, accumulating; and cajcuiating' . 
data and printing formatted reports is much more 
comfortably handled by the computer than by the 
busy teacher. The information received from the data 
may be used not only for dissemi^ 'tion but for analy- 
sis of a student's performance in a particular activity. 
The projgram on individual basketball statistics is part 



Figure 4-19. Listing and run of student-written bowl- 
ing scoring program. 



3S0 


GOTO- 220 -■ 






360 


IF A( VJ\»10 THEM 390 






170 


ij:^|i94«A{20j-ib THEN 460 






380 


GOTO S40 






390 


IF Ai2i ]>tb THEN 430 - 






400 


IF Al2li«(22]-10 THEN SIO 






jit 


PRlNf.'.'EXtllA BALLS:" A[2I],A(22] 






420 


GOTO S 40 






430 


1F.A(231-1Q. THEN. 530 . 






440 


PRlfirr-"EXTRA BALLS: STRIKE: ,A(23] 






4» 


OOTQ.S40Z:. : . .. _. 






46G 


IF Ai24j-W -TXEN 490 






47.P 


PRINT "EXTRA BALLt"A|21] ' 






480 


GOTO 540 






490 


PRINT "EXTRA BALL: STRIKE" 






500 


GOTti S4b 






SIO 


PRINT "EXTRA BALLS:"A(2I] ."SPARE" 






S20 


(3btOS4b - - - 






530 


PRINT "EXTRA BALLS: STRIKE STRIKE" 






S40 


PRINT . 






5S0 


PRINT "END OF GAME" 






S60 


END 






RUN 








FRAME 1ST BALL 


2ND BALL 


SCORE 


I 


STRIKE 




24 


2 


STRIKE 




43 




4 


_S__ 


52. 


4 


8 


SPARE 


?lo 


S 


9 


.0__ 


80 


6 


s - - 


-SPARE ' 


98 


7 


8 


SPARE 


116. 


8 


8 


b 


124 


9 


5 


0 


129 


lb- 


8 


i 


138 



END OF CAME 



-DOW 



Figure 4-19: Continued: 



of a package of athletic statistics programs for a vari- 
ety of activities: (See figure 4-20.) 

The 16 data items for the respective players are 
entered in the following order: 

3 Defensive categories 
3 Neutral.categories ; 
3 Minus categories \ 
5 Offensive categories 

[Assists, FGM, FGA, FTM, FTA) ^ 
2 Time categories 

(Quarters, Games) " \ 

The three specific items to be measured in the\ 
first three general categories are left to the dis- ^ 
cretion of the user. 

Caiculated Statistics are derived in the following 
manner: 



D = Total Defense = Dl + D2 + D3 

N =TofalNeutrS=Nl +N2 + N3 

M = Total Minus = Ml +M2 + M3 

O - Total Offense = Assists (A) + Points (?) 



10 DIM A [25J 

20 FOR X» I 10-23 STEP 2 

30 LET A|X) -INT CIS'RNDCOJ) 

4b ih A(Xj< 4 or ACX}> 10 TliEN 30 ' 

50 IF Alxj-IO TKEN IIO 

60 LKT A[X*lj-jNT^45'RND(b}J 

70 IF A[X*ll>9 THEN 60 

80 If Ajxj ♦ A{X*ll> 10 THEN 60 

9D_ NEXT X _. 

100 GOTO 130 - 

UD LET A[X*lj-30 

i;** CO TO 90 

no PRINT- "FRAME" "1ST BALi:**, "SCORE" 

140 LET S-0 

150 LET-X-F-i 

160 PRINT 

i7b tF-A|Xj-4b THEN 270 

180 PRINT AtX|, 

190 IF AfXj*A[X*I)-lb TOEN 330 

20D PR!NTAlx*lU . 

210 LET S-S«a[x]«a|x«I] 

220 PBINT S ._. ._ 

230 IF F-IO THEN 360 • 

240 LET X-Xt2 

250 UT F-F*l 

260 GOTO 160 - 

270 PRINT "STRIKE"," , 

230 IF MX*2j-ib tHEN -3lb- - - 

290 LET S-S*A[X]*AlX*2]*AlX-3} 

- 300 C»Tb-22b 

310 LET S>S*A[X]«A[X«2]«A[X«4] 

3:0 BOTb-220 

330 PBIfrt. "SPARELY _ __ ^ 

340 LET S-S«A[X]«A[X«1]«A{X«2] 
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FG%=FGM/FGA ♦ 100 

FT% = FTM/FTA * 100 

P = Points = 2 * FGM " FTM 

P/G = Points per game . 

b/Q = Defense per quarter 

N/Q = Neutrai per quarter 

0/Q - Offense per quarter 

+/Q = Pius per quarter = (D + isj + b)/Q 

-/Q = Minus per quarter = M/Q 

T/Q = Total per quarter = (D = N + 0 - M)/Q 

Tearn Totals for each item arie calculated by tak- 
ing the sum of all the players: 



Apt'-ssrixir 

HtlN-lKO 
STIX . 

• PI^YEiW'"--! - - 

• iJATA rrEMs'> r8 

option:;-}--- 

NAME nLE"* 

1 -^3.2.3.3. S.2.; 



2 •' S72,T."1.^. l.X2,^.)."12.2ir."l3. IS.H^2 

OPTION'' 4- 
NAME FILE-* N<»NK 



liA.SKETMALL STATtSTlCS 



• 




D2 


D3 


p Nl N2 


N3 


N Ml 


M2 


M3 M 




3 


2 


3 


K 3 5 


2 


10 1 


1 


2 4 


. 2 


S 


2 


4 


U 1 0 


1 


-2 2 


2 


3 7 


TEAM 


H 


4 


7 


19 4 S 


3 


12 3 


3 


S 11 


-- • 


A 


rcM 


FGA 


K*;t FTM 


FTA 


FT'? 


P 


P/G 0 


" i 


3 


-4 


12 


33.3 6 


b 


6.6 


-8 


a, 90 11 


2 


1 


12 


23 


52.2 13 


IS 


86,7 


37 


^B. so 3B 


TEAM 


4 


IQ 


3S 


45.7 13 


IS 


S6.7 


4S 


22.50 49 


« NAME 




. g 


G 


D/9 N/O 




-19 


T/Q 


1 




a 


i 


2.i7 3.33 3. 


67 


9. 67 


1. 33 




_ 2 




A 


2 


1.37 0.23 4. 


7S 


S. 37 


0. HB 


s.so 


TEAM 




B 


2 


2.37 1.50 6. 


12 


10. 00 


i;37 


B.62 



OPTION? 10 



Figure 4-20. Sample run of statiistics program. 



INVENTORY CODING 



FILE: INVENT - INFORMATION nETHIEVAL 



NAME CATECOBY CSAGI . _ LOCATiON QTY . YEAH CONDtTlOK' 



Article M P (lo» 



1 BMetMlI 

2 SqftbaU 

3 t«nnii 

4 Golf 

i Ba»Jtatban 

6 VoUeybali 

7 Kkndball 

8 Hnrkiy 
B Football 

10 Soc 



1 ,MP 1 PE Storeroom 

2 WP 2 A Storarooni * 
i MU'P 3 -M Locker 

4 MA 4 Locker 

5 VUA 5 Coachea Offlcr 
B MU J» 



0 Shot 

1 Poor 

2 Fair 

3 Good 

4 New 



FILE; INVENT-INFOHMATION RETRIEVAL 



20 Chirac ter-NAtne Maxtmum 
6 Data Caiegohea 
ALPHADEttZED 



NAME 


CATEGORY 


USAGE 


tOCATIOW 


QUANTITY YEAll 


Baaketballa WP H 


5 


2 


4 


B 


68 


Biakctbilla WP L 


5 


2 




-2 


72 


Baaketballa MP R 


S 


1 


3 


10 


70 


BaaketbBlli MA Li 




4 , 


2 


20 


70 


Baakelballa MA L2 


S 


4 


S 


3 


73 


BMk'etballa WA L 


5 


S 


4 


24 


72 


Pucka 




4 


2 


36 


71 


Soccer Balla BEC 


10 


7 


1 


-6 


66 


Socear Bella MA 


Id 


4 


2 


IS 


20 


^taketbalja _hEC li 


s 


7 


i 


i 


63 
68 


Tennia Balla P 


3 


3 


1 


40 


_T*n.nl_a Balla A 


3 


fi 


2 


2S 


71 


Coif Saiia REC 


4 


7 


1 . 


0 


0 


Golf Balla A 


4 


- 6 


5 


4S 


73 


Sodballa P R 


2 


• 3 


1 


16 


67 


footiaHa MP R _ 


8 


1 


1 


12 


66 


BaaebaUa LI 


1 


4 


2 


30 


71 
68 


foot Mis MA R_ 


^ 


4 


2 


10 


Btaebati.- MA 12 


1 


4 


• 5 


24 


73 


Footballa MA L 


>» 


4 


5 


6 


73 


Volley ba: la -REC-R 


A 


7 




9 


63 


Handballa REC H 


7 


7 


ft 


« 


60 


Vollayballa WA L 


S 


S 


4 


12 


71 



GET-$INFRET 
INFRET 

WHAT IS THE NAME OF YOUR INFORN: TION FILE? INVENT 
OPTION? SORT 

SORT ON WHICH DATA NUMBER?S 



0_ 


GOLF BALLS REC 


6Q . 


HANDBALLS REC R 


63 


BASKETBALLS REC R 


65 


VOLLEY BALLS REC R 


66 


SOCCER BALLS REC 


66 


FOOTBALLS MPE R 


67 


SOFTBALLS PE R 


68 


TENNIS BALLS PE 


69 


FOOTBALLS NIA R 


6a 


BASKETBALLS WPE R 


70 


BASKETBALLS- MPE R 


70 


SOCCER BALLS MA 


70 


BASKETBALLS LI 


71 


TENNIS BALLS A 


71 


PUCKS 


71 


BASEBALLS MA LI 


71 


VdLLEYBALLS WA L 


72 


BASKETBALLS WPE L 


72 


BASKETBALLS WA- L 


73 


BASEJBALLS.MA L2 


73 


GOLF BALLS A 


73 • 


FOpTBALl^ MA L 


73 


BASKETBALLS MA 12 


OPTION? STOP 









_DQNE_ 



Figure 4-21: Sample information retrieval program Figure 4-2 1 . Continued, 
used in physical education. 
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information if^etriftVttj 

An information retrieval process may be used 
for the storing; accessing, and examining of large 
quantities pf data, which can be of significant help In 
the physical education department where there are 
quantities of supplies, equipment, and data to keep 
track of. The sample inventory data file shown be- 
low illustrates how accurate records of supplies may 
be maintained. This kind of irifonnatibn retrieval may 
be done oh ah interactive basis using the same pro- 
grams designed for storing and analyzing survey re- 
sults in a social science class. The key to this use is 
coding the data so that they may be extracted in a 
meaningful manner 



Simulations and Games 

Athletic simulations are very popular with sec- 
ondary students: The competitive factor and the 
accurate models used in many simulations provide a 
wealth of recreational activities which stimulate and 
challenge the users. xSe best activities for simulation 
are stop-action in nature- those with a natural pause 
in the jjattern of play (such as golf, Softball, or..yol_ley- 
ball), at which time a decision may be entered. Vari- 
ous strategies of play may be tested with a simulation 
in an investigation for a best set of decisions. Figure 
4-22 is a sample of an 18-hdle golf game, of which 
only the first hole of play is shown. 



Computer-Managed Instruction 

Many supportive cur * ulum computer applica- 
tions classified in the gene jI area of instructional 
management can play a significant role in the physical 
education curriculum. Two examples are considered. 

Many scho_pls participate in the National Youth 
Fitness Testing Program sp9nsored by AAHPER. A 
time-share computer program was written whicn 
stores the test results, assign^ percentile ranks to 
them, c^niputes a ranking meaii as an index of overall 
fitriiess, and prints both a National Youth Fitness 
Report Card for each student and a teacher summary 
report for each class. Figure 4-23 sho^ a sample 
report printed by the computer. 

FJiysical education teachers have been leaders 
in the individualized approach to developing requisite 
skills for effective participation in an activity. The 



GET-»COLF 

RUN 

GOLF 



WELCOME TO THE TIES TIMESHARING 18 HOLE CHAMPIONSIdP COURSE 

TO G_ET A DESCRIPTION OF CLUBS, ETC. TYPE 0 FOH A CLUB NK. 
WHEN REQUESTED 



W4IAT is YOUR HANI>ICAP?e 
OH-PH. A HOT shot: . 

DIFFICULTIES AT GOLF INCLUDEt - 

0-JiOOK, 1-SUCEU- 2-POOB DISTANCE, 4-TRAP SHOTS, 5-PUTTING 
WHICH IS YOUR WORST 74 

READY TO CO 7YES 

YOU ARE AT tEE OFF HOLE 1 , DISTANCE 361 YAIiDS PAR 4 



ON YOUR RIGHT IS ADJACENT FAIRWAY. 
ON YOUR LEFT IS ADJACENT FAIRWAY. 

WHAT CLUB DO YOU WANT ?0 
HERE'S YOUR BAG OF CLUBS 

WOODS (FULI^SWtNG ONLY) 

1 DRIVER 

2 BRASSIE 

3 SPOON 



IROr^ (FULL SWING ONLY) 
12 TWO IRON 



1» NINE IRON 

IRONS (LESS THEM FULL SWnC) 

22 TWO IRON - PARTIAL SWING 



29 NINE IRON - PARTIAL SWING *" 

WHEN YOU REACH THIL GREEN XT WILU Bt ASSUMED THAT YOU ABE 
USING A PUTTER. THE PUTT POTENCY NO. REFERS TO THE STRENGTH 
WITH- W^CHTHEBAUL Is PUTTED^ USE_ NUMBERS ORE ATE R THAN 
ZERO. INCREASING THE NUMBER FOR GREATER DISTANCE. 

YOU WILL BE ASKED FOR 'PERCENT FULL SWING' ON CLUBS 22-29. 
THIS SHOULD BE A NUMBER FROM 1 TO 9. 



WHAT CLUB DO YOU W/.NT 71 

SHOT WENT 231 YARDS - IS 110 YARDS FROM HOLE. 
BALL IS 1 YARDS OFF UNE IN FAIRWAY. 



WHAT CLUB PO YOU WANT 719_ 

TOO MUCH CLUB.- y6u-AR& PAST HOLE. - 

ON GRE1:N_60 feet FROM PIN. PUT POTENCY NUMBER 77 

PUTT SHORT. - - - -- 

ON CREEN_2a FEET FROM PIN. PUT POTENCY NUMBER 73 

PUTT SHORT. "- - - - - — -- 

ON GREEN IS FEET FROM PIN, PUT POTENCY NUMBER ?3 

PUTT SHORT. - - 

ON GREEN 2 FEET FROM PIN. POT POTENCY NUMBER 71 

YOU H'O'L'E'D IT . . 

YOUR SCORE ON HOLE 1 WAS 6 



Figure 4-22. Sample computer golf game: 



problem of grouping students for work oh particular 
skills is often time-cbiisumirig; hdwever, the com- 
puter can offer the beleaguered teacher valuable assis- 
tance. Such a program, called ILA (Individualized 
Learning Activities), does exist. Objectives or skills. 
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STUDENT NAME DOE OOHr" 
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SCHCXDE K 



CLASS 7 



STUDENT NO. 




FIRST SEMESTER MEAN = 89 
SECOND SEMESTER MEAN = 91 



Figure 4-23. Sample compater-generated student report. 



are identified and status on each for individual stu- 
dents is monitored and entered into the computer. 
The teacher may then have the computer locate stu- 
dents needing work on a particular skill and group 
them together. 



SUMMARY 

Current usage of the computer is minimal in physical 
education when compared to other disciplines; how- 
ever, present trends indicate a substantial growth in 
cornputer use in a supportive role to assist the teacher 
in managing instructional activities. There is a need 
^or program! and materials which use the computer 
effectively in the physical education curriculum, and 
the subsequent sharing of these ideas through articies 
and conference presentations. 



NOTE: The pro^;ams used to illustrate various modes 
?^ ^°"iputL»r usage were run on q of the Hewlett- 
Packard 2000CVl- TImeshare Systems at the Total In- 
fbrmatioh for Educational System (VI FS). TIES is a 
regional Minnesota cooperative network of thirty- 
four elemeritju^. secondary arid vocational-technical 
districts providing data processing services for 
administrative, instructional, and research applications 
utilizing an on-line integtated data base. 



GET -J LA 

HUN 

iLA 

UNIT NAMEVjOiiN.S 

i<J - 52 SI - 2 Td - II 

BOS 

iO. NAME 

1 AHRENS-HicMAAD 

2 ANDERSON MAREL 

3 CHEEN TIW 

i JOHNSON JAMES 

5 lONES JQMAtJiAN 

6 KwcK DnN^^E 

7 MILLEB MJKE 

H flt'TZ ^^JZAPETff 

? SCHMIDT JENK1EEK 

li SMITH JQim - 

11 THOMPSON NORMAN 

>ADD-C.1.0N.H 
M JD-C. 2.0N.6 

>SIZ - 

GROUP SIZE 
1 i 



CilOUPi 

2 ANUKKSON MABEL 
1 GJiEEN TLM 
6 MACK DONNIE 
It SMitH JOHN 



CHOUP-2 

i JOHNSON JAMES 

5 Junes jonXthan 

8 RUT2 EUZAflETH 
; 11 THOMPTON NOHMAN—- 



CROUP ^ 

1 AHRENS RICHARD 

7 MlLlXB-IVIWCt 

SCHMIDT JENNIFEF 



Figure 4-24 Sample run of computer-managed in- 
dividualized learning program. . 
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COMPUTERS IN SECONDARY SCIENCE by dames Friedland 



INTRODUCTION 

Science and its assck:iate4. technologies are under fire ' 
for our pollution and eriergj' problems. But recent 
surveys indicate (hat very few people feel we can 
solve bur prbblenis by abandoning. science. For this 
reason, we will continue to require of students an 
Understanding of science arid its methods. 

In junior high school, grades 7, 8, and 9, stu- 
dents are offered an introductory program; most 
often called general science. They study a wide variety 
of scientific fields and usually carrr. out simple 
laboratory exercises designed to introduce scientific 
procedures and tools. In addition; most secondary 
school students take science courses during their 
senior high school years, grades 10; 11, and 12: The 
most common courses offered are biology, chemistry, 
and physics. These programs examine a single field of 
science with its individual scientific approaches. High 
school science programs are almost always given with > 
associated laboratories in which students carry out 
activities similar to those used by scientists in the 
field.. 

Science programs have recently passed through 
an era of revision. Traditional progranris haw been re^ 
pljiCed by national "alphabet" curricula. The BSCS 
programs for bipl_6gyj CHEM Study and CBA for * 
chevmistry, and PSSC for physics are but a few of the 
new programs guiding our ihstructibn: 

In thi5 time bf transition, two major trends can 
be discerned that have yet to be fully implemented in 
bur schools. There has been a distinct change in the 
laboratory portions of science courses. Labs in the 
traditional programs were primarily' observational 
activities: Students usaaiiy had enou^ information 
to predict their findings; and instructions told the stu- 
dent what he should be observing. Critics have char- 
acterized these as "cookbook labs/' 

tab manuals for new revised curricula reveal a 



shift toward inquiring investigations. The labs are less 
directed and never tell the student what he should ex- 
pect tb see. Inquiry labs alsb involve measurement 
and data cbllectibn much more often than the tradi- 
tional observational exercise. 

The new curricuia have been accornpani'rd by a 
trend toward individualized instruction: Teachers are 
Urged to tailor their instruction to each, individual 
student rather than to the class as a whole. Science 
teachers usually find individualization difficult, since 
appropriate laboratory activities must be integi'ated 
jvith the normal classroom instruction. 

inquiry laboratories ^d individualized instruc- 
tion,- while easy to design on paper, are often ex- 
tremely difficult to arrange in a secondary school 
environment. If the trends are to be fully imple- 
mented, our teachers must be allowed to make use- of 
all the educational technology available. Such tools as 
8 mm. filmlbbp projectbrSj overhead projectors, and 
filnistrip-magne tic tape self^leaming modules will be- 
come increasingly importaiit. 

The cbrriputercan bi) regarded as an educatibnal 
tbbljin nluch the same light as a filmlbbp prbjectbr. 
Its tremendbus flextbility, already demonstrated in 
business aiid resiearch, offers, tnany new educational 
strategies. We will look at several possible appljca- 
tioris in this article, but by no means can we hope to 
outline all the possible uses: 



USES OF THE COMPUTER IN 
SCIENCE INSTRUCTION 

Prill and Practice 

It is often true that a student in an introductory 
science program is expected to learn mbre new terms' 
than in a foreign language course. Consider the drill* 
and-practice exercise about cell organelles in Figure 
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wilAT IS VOI R FnisT NAMK '. JOHN 



- YOl R ASSir.NTilKNT JOIfN. IF VOL ACCEPT, LS TO CORRECT 

CKHTAIN FAri.TS IN OUR SlOSt FAJ^tOl S SCIENTESTS CELLS. 

lifi( ttntS UAVK-NOTiCKiii-A KAIl.l RK IN HIS KNEHCTi' PRODI CTION 
SYS IKM. r^l WHICH CKI.L OHGANKLI.K WILL YOl! DIRECT 
YCH R M IN i 'Sl ' HMARLS K: 

i Rtli0^il)^iK 

4 RtiTCK'lttJ.Nh.HION 

■l WhCA IW)I)Y 

•* CKNTliioLK / 
rYi»K TIIK Nl MliKH OF YOl R CHOrCE-' I ^ 
THK COl NflL HAS nK(!^I)KI) THAT YOT'R DECLSION WILL NOT SOLVE 

mirPittiiiu.t M sfNCF fiiK Km is the «itk of photkin - 

SYNfRKSLS. IM.KA^K CHIXJSF AGAIN. 



TYp;r TIIK Nl MHKR Of VOIR ClIOjCK • L* 



vn«Y (KXJDi BIT WE lUvt: A pRoii^.^^^l^a^rr4NGTOTl^E mitochondrion 

WHICH OF THE FOLLOWINGXELL ORGANKLLES SHOl'LD PROVTIIg 

nli: nksT patiiwav to reaci^olr goal? - 




Figure 4^25. Sample run of science driil-and-practice 
program.' u 



4-25: There are many reasons for using the computer 
to teach such material. First, it never' gets angry. It 
can respond positively to student errors, no matter 
how often a particular student is incorrect, pne-tb- 
ohe student-computer dialogue also makes it irnpbs- 
sibje for a student to hide behind the respdnsesjSf- 
classmates. Since the dialogue is private-wit|/the 
computer rathar than the teacher-computer dJiIl and 
practice can also eliminate much of the anxiety asso- 
ciated with making mistakes, anxiety which can only 
hinder learning. , 

When a teacher assigns the class ^ problem set, " 
every stud a receives exactly the same problems, 

V making me likelihood o£, in terstu dent ^cooperation 
very high; arid since the answers are covered in class 
at a latf r ime, positive reinforcement for correct 
work is rioyrrimediate. A properly programmed com- 
puter can c^rect bbtH these faults. Each student can 
be given a unique sct oC problems -to solve^ If the 
prbblems are gen^ted by tlje computer,' ratfier than 
read off a list, th^re is only-a small chance of two stu- 
dents getting the same problems. Such a program can 
also TeSpond immediately to a student*s answer and 
offer another problem of the s'mne type if the student 

-should fail: 

. Evaluation of computer drill and practice with 
elementary scRop) children shows that on the average, 
students can be expected to iearn more but not as 
'much 'as if they were individually drilled by the teach- 
er, fn secondary-school*?science the teacher usually ^ 



has a difficult time workinjg with a single student for 
ail extended jDenbd of time. 

Urifortiiriately,- drill and practice requires a 
-large ainburit of student-computer terminal time. In a 
classrbom with a sirigle terminal, drill and practice 
^will be heariy impossible to schedule. But for a stu- 
dent having particular trouble with a subject, use of 
the computer in this fashion may be both effective 
and desirable. 



Tutorial 

Corripiiter tutorial prograins also require large 
amounts of cbmpiiter time for each student. Studies 
in several universities put the cost at more than three 
times that of teacher-classroom instruction. Much 
work is going on in the hope of Ibwering this cost 
through application of modern technblbgy. 

Currently tutorial programs may be best used 
as part of a remedial program. Science teachers wilj 
find tutorial programs useful for students who have 
missed work and for students having trouble under- 
standing the classroom instruction: 

The areas where tutorial-remedial programs are 
rieeded can ilsually be identified by an experienced 
science teacher. Certainly most biology teachers 
would cite the Hardv 'V .jnberg Principle as a particu- 
lar prbblem area. The program HARDY (Figure 4-26) 
includes instructional material designea to allow the 
student to apply the Hardy-Weinberg Law to a variety 
of prbblems. -- 
As more cbmpUter time and terminals are made 
available to the science teacher, tutorial programs in 
many areas will be an immense aid in freeing the 
teacher to work with individUsQ students, making in- 
dividualized instruction a reality. 



Prbblern Solving 

The use of computers for problem solving wiii 
allow secondary science teachers to treat subjects in a 
quarititative fashiori, when formerly the most that 
could be dbne was a Ibok-and-see qualitative api- 
pfbach. The trend toward inquiry investigations 
raakes this use attractive, since inquiry investigations 
often involve rriathematical manipulatibris. ,. 

Sometimes, Understanding the mathematical 
manipulations is not essential for appreciation of a 
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POPULATION GENETICS STUDY - THE HARDY-WEINBERG PRINCIPtE 
HAVE YOU TRIED THIS PROGRAM BE^RE (1*YES, JJ=Nd) 71 



THE HARDY-WEINBERG PRINCJPI-E PJtQyiDE A SIMPLE WAY _ 
to CALCUl^tE THE PRpPORTKJN OP ORCUNBMS IN A POPUl^TION ' 
THAT ARE HOMOZYGOUS DOMINANT, HETEROZYGOUS DOMINANT, OR 

HOMOZYGOUS_RECESSIVE WmiJlEGABD TX) A SPECInC TM^ 

WE NEED TO DETERMINE THESE PROPORTIONS ARE THE PROPORTION OP 
ALELES IN THE GENE POOL WHICH ARE DOMINANT FOR THIS TRAIT 
(P) AND THE PROPORTION WHICH ARE RECESSIVE fe). 



WE WILL GIVE YOU A POPULATION OF RATS TO WORK WITH. SOME 
HAVE SHORT HAIR, SOME HAVE LONG HAIR. SHORT HAIR IS 
TOMINANT. LONG THERE ARE 1000 SPECIMENS. 

HOW MANY RATS DO YOU WANT TO SAMPLE 7100 



TOTAL NUMBER RECEI^tVE t= 15 
TOTAL NUMBER DOMINANT = 85 

WHAT PROPORTION OF THOSE EXAMINED SHOWED THE RECESSIVE TRAIT 
THIS IS Q*Q 715 

PLEASE INPUT THE PROPORtlON IN THE FORM OF A 
DECIMAL JlUMBERBJE:T\5^ENji^ 

WHAT PROPORTION OF THOSE EXAMINED SHOWED THE RECESSIVE TRAIT 
THIS ISQ*Q 7.15 



TO DETERMINE tHE VALUE OF P AND Q AND THE GENOTYPIC 
RATIOS^ RECALL THAT: 

1. P i Q = I SINCE TUEjfROPORTION OF ALLELES THE GENE 

POOL WHICH ARE DOMIKANT FOR A TRAIT PtU&THE^ 

PROPORTidN WHICH'ARi; RECESSIVE REPRESENT ALE ALLELES 
IN TK" n^lfE POOL, 

2. P*P KW- .^.SENTS THE PROPORTION OF THE POPULATION THAT ARE 
HdMdZ * jOUS DOMINANT, 

3. 2'*P*Q REPRESENTS THE PROPORTION THAT ARE HETEROZYGOUS 
DOMINANT, 

4. Q*Q REPRESENTS THE PROIORTION OF THE POPULATION THAT 
SHOW JIHE RECESSIVE TRAIT, I.E. THAT ARr HOMOZYGOUS 
RECESSIVE, j 

5. P*P + 2*P*Q + Q*^ = I SINCE THE PROMBTION OT THE - _ 

POPULATION THXt ARE HOMOZYGOUS DOMINANT, PLUS THE 
PROPDRTION tSat ARE HETEROZYGOUS, PLUS THE 
PROPXmrlON THAT ARE HOMOZYGOUS RECESSIVE REPRESENT 
THE TOTAL POPULATION . 



IN THE ABOVE EXAMPLE, Q 0-387298 

G ENOTYPE ^ PROPORTION NUMBER 



HOMOZYGOUS DOMINANT _ 0- 38 38 

HE ^'EKOZYGOUS DOMINANT 0.47 47 

HO MdZYGd US RECESSIVE 015 15 

DO YOn WISH T O REP EAT THIS PROGRAM (t = YES, 0 = NO) ?0 



Figure 4-26. Sample science tutorial. 



COMPUTERS IN SECOMpAR Y SCiENCE 



165 



scichtillc principle. This is the case for a BSCS In- 
vesiigation of population dynaniics; Stndehts are 
asked to cxaniiiie how the popplaiion of. birds varies 
on a hyp()thetical island given certain conditions: The 
following teacher-written program allows the student 
to quickly reach the irnportinit conclusions without 
applying complicated population growth formul.is. 



IH>W MANV HIHUS ; 



ISI.NSU AT. SMUr 



i:ftA-MJ--AS.M All'tUKS t I YfS, l( Nfi)- 

iMiw MANY oKrM'HtNi. niiiM FAflt I'AJu f)F ftriihs" H 

rUAS(:K. /tssiiiiMjiis J (j Y» h,-ii N<j( • i ' • 

WHAT f'FurF.s-r OF Afii Ms WILL I rvK rs rr) mikim :«sm skas<.)s ' i;, 



! - 



HANtJf \S.Sl MI'TIOS' I (1 VFs. tl NHi ' 



MHA MANY IWHIJS KS rK.U JUK AMKA KACM YKAH ' 



; >»i ti} ,,i 'a iiA ITfJNS ' li> 

} (M t in i (•( :iK( ji i wm i 



I '<>!•. 



ANniHKH III V • 



l-*igure 4-27. Sample science problem-solving program 
run. 



Computers will aisc) priwe liseriil in situations 
wiiere the math may be easy hut the total solution of. 
'.in lnves(i):;i»ion requires many vopetitions ()f a sihiple 
equation. I he "(oiiowing example involves' a chem- 
istry investigation tliat aueiopjs to relate particle si/c- 
to total surface area. After collecting the data. :i 
stuilctit can 'nnd the total surface ^area by applyirig 
the ^nnplc formula!^ 



Surtoee Area f ,2 X Oio. of pieces) X ((// X /.) 
> iff X W) + tU' X /,)) 

While ihi*; fornuila proves jio problem, ii full solution 
usii jiK b ji^gs on student revoluiioiK since it must be 
t'wjlojtod lor lip to 20 sets ol data. Theproces's often , 
•pfiivts sti distractitig that the reason f^or doing tliej^ 
^t*r«iii!ail<)tr bec<unes lost The* followihg conjjj^nter 
prngrani allow;:, the .studc^n to c\mcentxat(? on the 
lelanonsitip of pamtle sj/c tn total s««rface" area. 



SUHFAC 



now MANY PIKCKS ?1 
LENGTU OF AVEIIAGE PtfiCf^ 



.20 



WIDTH OF AVKRAGE PIECfc:'?^*^ 
TOTAL SUHFACK AHKA 4^^0 

NEXT 



Ubw'MANY PIECES ?2 
LENGTH OF AVEIIAGE PlECE 
lIEIGIIT OF AVERAGE VJEc^ f"? 
WIDTH OF AVEJIAGE PIECE '.'^^ 

TOTAL StmKACE AREA 4^^^ 
NE?CT 



now MANY PffiCKS 'i 
LENGTH OF AVERAGE Pti:c|.' J'^ 
HEIGIIT OF .A V>;_KA^GE__PljEICE; 'l'^ 
WIDTH OF AVERAGE PIECE 

TOTAL SDR FACE AKEA:^ 



Figure 4-28. Run of a sciej^' 
forms repetitious calculation^. 



P^^^^um ^hicli per- 



Problem-solving progjgfti^; ^r^ ^^ubly attractive 
since the average amount 0^*'^^^^ ^*^^it any st^>^^"^ 
spends on the computer Ts ^P^^h ^^\\^ siH^lj. allow- 
ing many students to use tP^ ^^^^^ter in a single 
period. Most junior and Sfcni^!.^^'^" ^cliools vvill be 
abje to^se 'he c()!iiputer f^r/''''*^"^'^'' probjeni solv- 
ing in the immediate future'^ jjt ^ '^^^^^^^^•,ble cqsj. 



Data Analysis 

Large and complex c|;,t^ l^af^*^^ stin y^^i^s 
away for classroom Instrtictji'^^ ^^^^ sinct' they re- 
quire huge computers. But sffi^^^'^ci^^^ Uata banF:S are 
already in operation. In ScotjiJfi^; \C^}^ Weather in^^^r- 
mation stou-d on a compuT^r i^. b^.'f*^ ^,scd by sec- 
ondary school students in sci^^''^ ^^'^^ on meit^orol- 
ogy and ecology. 

Simple data banks can r^'^'.^^fi^^'^cted Usifig^n- 
^iormarion from student inv^S^^^'Mi^^'^s. fiiis format 
will be' particularly useful J^^.^^U^^^^'ir^g long-tcnm 
events, such as biological succCJ^^^"^- 

Computers. "of course, sf^^^ ^^Sdi to statisti- 
cally analyze the. results of ai^'^^^f '^^^Pstig'Mio'n- 'n 
this rf)le they will be lunctiopi^^^ ^sT^'^^^bleni solv'^'^s,. 
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evaiUatinji student results with formDiae too conipiex 
to be processed by ti»^ students themseives: Statistical 
iinaiysis programs. suitJ^hie fi' high school science, 
such as chi square de: :.n?nation, are available from 
many sources, or can cas: y be programmed locally. 

Most small dar i bank and data analysis applica- 
tions can be successfully used with a minimum of 
computer time. In fact, direct student contact, while 
desirable, is not necessary. The data may be stored 
and retrieved or analyzed at the school's computer 
center at any convenient time, and be delivered to the 
Classroom teacher. 



Simulation 

Simulai^on riiay be a new wore' to most science 
teacliers. but it certainly is an old idea. In teaching 
situations when it is difficult to explore real phenom- 
ena science teachers have always resorted to rcplaoe- 
Micnt activities: chemistry teachers use models of 
atoms to explore chemical bonding, physics teachers 
u',e coiled springs explore the behavior of electro- 
magnetic waves, and biology teachers use coins to 
r* o:esent ajternative alleles for genetics problems. All 
these activities are simulatiiDni, sincie one object is 
being used to represient another. 

A brief ld()k at two computer simulations being 
used in many secondary schools across the United 
states should illustrate some of the strengths of com- 
puter simulation in the science classroom . PdhUT is 
use(' to study the effects of organic pollutants on 
bodies of water. Simulation is necessary, since most 
schools are not free to dump wastes into local streams 
and monitor the effects over several we^ks. See Figure 
4-20. 

Alternate noncompiiter simulations would 
prove very complex, since a reduction in scale would 
alter irnpiortant parameters such as oxygen injection 
rates. An inipossible laboratory becomes possible. 

The Millikan oil droplet exjDeriment is an impo'-- 
tant part of every physics course in hi^h school, but 
"the investigaticri .s not carried but iri lab. Teachers 
have founci that the investigation calls for sbphisti- 
';ated equiprneht and great student manipulative skill. 
In this .situation, a simulation would provide the stu- 
dent experience so effective in reinforcing a classroom 
concept. CHARGE, shown in Figure 4-30, is such a 
simulation. 

Many computer projects around the world are 
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producing siimulations to cbrtiplerheht secoridary 
school science courses X^ee partial list of sources at 
the end of this article).. Most of these simulations have 
been classroom tested arid can be lisied with little 
rriodificatibh bri most schbol cornputers. 

ThuSi cbrhputer siniiilation is the iribst promising 
field for coiriputer use. Science teachers have been de- 
ypted tb the cbricept that the harid-bri experience of 
laboratory work is essential for training future scien- 
tists arid citizens living in the scientific world. Simuia- 
tibri provides a laboratory-type experience in situations 
v^here rib lab is possible. The amount of student-com- 
puter terminal time varies witf^:hc simulation^ but 
there has been a trend toward simulations that require 
only modest amounts of interaction, so that many stu- 
dents can work on a simulation daring a single labora- 
tory period: This makes many simulations possible for 
the teacher with access to only one computer terniL" J. 



SUMMARY AND CdNCLUSiONS 

The cbming bf the computer to schools will not occur 
as rapidly as predicted by some of its most ardent 
spokesriieri. Cbsto are still relatively high: Teachers are 
riot bieirig trairiirig to make use of the computer. And 
libraries of instructional materials are not \ . l easily 
available. But to- ignore the instructional uses of cf 
puters would be a tragic waste of a valuable tcachr g 
device: This product of science is sure to be lajpr 
factor in our students' lives, as well as our own. We 
have only to look at the bills arriving in our daily iriail 
to be remhided of this fact. There are uses for cbhipu- 
ters in our science classes, at reasbnable^CDst._ The 
appiicatiops involve either limited numbers of stu- 
dents, as Tn :emedial work, or limited student- 
computer interaction. - . 

Prcol^m solving, data banks, data arialysis, arid 
simulations are ihe riibst prbriiising uses for the school 
with limited computer facilities. Since they call for 
riiodest arr-ourits of cbmputer tiriie, many students 
can take advantage bf a siriglc terriiirial. Problem solv- 
ing programs are usually easy fbr a student or teacher 
programmer. Cbmputer simuiatibris will be written by 
computer development projects or commercial com- 
puter companies in such a way that the teacher will 
not have ta^e concerned with computer complexities. 

-^--While slow in coming, computers promise a 
Inost interesting future for science teaching. 



173 

ERIC 



COMPUTERS IN SECONDARY SCiENrF 



VATEN POLLUTION STUDY 
iMStRfJCTibNS <I»YES> 0-MO)?: 

IM THi :}Y Yoi; CAN SPECIFY THE FOLLOWlVn CHARACT»CR I ST I C5 i 

A. THE KIND OF BODY OF WATER! 
i« LARGE POND 
8. LAItdE LAKE 

3. SLOW-MOVING RlVER 

4. FAST-MOVING RIVER 



THE WATER TEMPERATURE I« DrGREES FAHRRNHRI , < 

C» THE KIND OF waste: DUMPED INTO THE WA"^ER» 
!• INDUSTRIAL 
2* SEWAGE 

Q. THE RATE OF DUMPING OF WASTE^ I PER MILLIOV <PPM)>'DAY. 

E. THE TYPE OF J'KtATMENT OF THE WAbT.M 
0. NOf'E 

!• PRIMARY CSEDIMENTATION OR PASSAC t: THFIOTIGH FIVE 

SCREX?i5 TO REMOVE GROSS SOLIDS) 
8. SECONDARY (SAND KILTERS OR THE ACTIVATED SLnDHE 

MiETHOD TO Pi^^OVE DISSOLVED AND COLLOIDAL 

ORGANIC MATirH. 



BO Dt_0 E_BHTER? 2 

WATER_ TEMPERATURE? 35 
KIND OF WASXEra 

DUMPING RATE?a 

TYPE OF TREATMENT? 0 



DO YOU WANT; A GRAPH(I>> A TABLR<2)> OR BOTH<3)7I 



AFTER DAY 4 THE FISH BEGIN TO DIE> BECAUSE 

THE OXYGEN CONTENT OF THE WATER DROPPED BELOW 5 PPM. 



°r* •:'7^ '2^"SCALE- •5/.,pjfYG»rN-?CALE, 1 0 . . -OXYOFN-SCALP-. . . 1 «; 

°** : -10 ••SCALE. 20. .WASTE, 30.. SCALE. 40,. WASTE. ?50« . SCALE. ^0 
I—- I J I J ^ 



tHE WASTE CONTENT AND OXYGEN CONTENT WILL RPl^AIN AT 
THESE LEVELS UNTIL ONE OF THE VARIABLES CHANTFS. 



ANOTHEH H{JN (l-YES* 0i\l0)?0 



Figure 4-29. Sample science simulation, POLUT. 
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GdMPUTERS IN THE NATURAL SCIENCE CURRICULUM 
by Herbert D, Peekham 



INTRODUCTIOiM 

When ihe secondary curricula is viewed as a whole, 
the natural scisriqes must surely emerge as the pari 
which contains tlie greatest number o, obvious appli- 
cations for the computer: This does r-ot negate or 
detract from equally important appl. 'i.ons in other 
areas, but merely recognizes that the stuff of science 
instruction interface's naturally with the computer. 

Natural scic e, as treated here, includes the 
subjects commonly found in the secondary curricula-- 
phy.vcs, chemistry, and biology. Physics will receive^ 
the i.'ost attention, not because it is the most impor- 
tant but because rf the author's background and the 
fact that more has Itc>\^ '^'n^' here than in the other 
areas. The intc-nt Vt, ^ . ' ' .."?.ie applications which 
use the computer to - vantage. General meth- 

OGs or techniqu^l^ tha: ^ oe used across all three 
subject areas are developed. 

Ciuioritly, the corhputer is used more in the 
problem -solving, or computational, mode than in ?^^y 
other; more and more educators, however, are begin- 
iiing to see the imp(^M?.nce of the computer witli 
respect to games and simulations and in dialogues with 
students. The future will certainly see it employed in 
niany of these new modes, in addition to that of 
problem solving. No matter which mode is involved, 
each application should be evaluated with respect to 
the following questions: 

(a) What is the educational strategy involved? 

(b) " is the objective a pedagogically sound one? 

(c) Is the computer the most effective tool to use? 

Far too often, a teacher can be dazzled into the use 
of the computer where it is completely inappropriate. 
The computer is a tool, albeit a very powerful one. 



which should be used only when it is the best method 
to obtain the desired results. 



USES OF Jfii COMPUtER IN jf\JSTRUCTION 

There are many ways the ccnnputer has been used in 
instruction, and many new ways will be found in the 
future. It is therefore dangerous to establish hard-and- 
fast criteria or classiiicatidns, which are irriinediately 
argumentative and subject to challenge. For exampje, 
evieri acknowledged leaders in the field of computers 
canridt agree upon the precise meaning of CAi (com- 
puter assisted instruction) and CMI (computer man- 
aged instruction): T^herefore, the classifications below 
should be taken not in a strict s^.ise but only as a 
general rr\ut^.e: 1^ inany cases, the examples could be 
con^^vlered in more than one category. Some applica- 
tions cross all ci. . Icatiuns. 

\ 

brill and Practice 

In this mode, the computer merely drills the 
student on material learned elsewhere. There are cer- 
tainly instances in the sciences -where clie >^ornguter 
can be used in this way. Drill on the abbreviations for 
the names of the elenients, or classification of plants 
and animals, would fall into this category. But* is the 
computer being used to its best advantage here? 
Given lirriited facilities (which is nearly always the 
case), could any other method be used for drill that 
would free the computer for more important tasks? 

An example will illustrate the point: One of the 
early Hunti.igton project units was concerned with 
thin lenses. Most physics courses go into this topic, 
which involves the object distance, image distance, 
and focal lengths of a lens. If two lenses are com- 
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biried; a standard scirt 6i pr<)blcin is obt -i ;ed. Based 
upi)n given infcsfmatioh, a relationship can be estab- 
lished Jjeiw^nt^ and thie ima|e. in this unit 
the c()mpur?rgave the student a set of data with one 
eieiiient missing. The student was requested to c()ni- 
pute the missing element and enter it iiito the compu- 
ter, which ihen toid the student whether he was riglit 
or wrong. 

This is a prime example of how not to ii.se a 
computer effectiveiy; The value of the thin \cp< p.ob- 
leni is not questioned; the point is that the computer 
is being used lor such pedestrian application: Certainly 
the computer could generate large numbers of solu- 
tions to the problem, but these solutions can be pre- 
sented to students easily .-md effectively without the 
coniT'iter. In my opinion, the computer as a drill- 
hiaster is the weakest mode of usage in the sciences: 
It d(>es not taRt» Tuaximum advantage of the powerful 
capabiiiiies of a very valuable educational resource: 
Accordingly, most of the attention in this article wiii 
be given to (Hher modes. 



Totorial 

The tutorial mode is at the same time the most 
FMomising, theriiost d'jrigerbii.s, and the most dirflcult. 
With imaginatiun, if is possible to geneiate extremely 
effective tutoriai units Unit bear little reserriblance to 
the usual programnu^d text. Rather than identifying 
such units as tutorials, it is felt betier to call them 
dialogs. In the best of all possible diaku'.s, it is as if:, 
student and an instructor communicate in free fomi 
using compute: terminals. 

The fundamentai difllcuity in dialog generation 
involves ihe amount of time required to prepare and 
refine a unit. Estimates vary between 20 and 100 
.hours of preparation time per hour ofxpoiished dialog: 

To illustrate what a very effective dialog in 
physics might look like, consider the following hypo- 
thetical conversation: 

Compiler: The task I would. iike you to porform is to 
compute how long it will take for an object to 
fall from the top of a building to the ground. 
What would you like to know? 

Sjudent: The answier. 

Compurer: Come on now, this should be a serious dis- 
cu.ssioh. I am trying to get you to decide upon 
the informatiiin you n/cd. What is this infor- 
Tiatlon? 



Student: What is the mass of the object? 
Computer: You really don't need this, but it is I 
kilogram. 

Student: OK, i think that it will tJike 5 seconds to fall. 

Computer: There seems to be a problem hrre: You 
have provided an answer without enough infor- 
mation to compute it. What additional .nforma- 
tion is needed? 

Student: How hi^ is the building? 

Computer: J)^e building is 20 meters high. Anything 
else needed? 
(and so on.) 

Note that the computer begins the conversation by 
responses from the student vvithout providing 
a great deal of information. Used like this, it is diffl- 
^°Jl_l°_ analyze the student responses and 

respond reasonably to them. The computer must 
keep track of what informatiori the student has re- 
quested so as to judge when a valid computation can 
be made. Each student who uses the dialog vviil pro 
duce an individuaiized set o:' responses based Upon his 
input. 

Very imaginative dialogs in ;)hysics, whicri in- 
clude graphic displays of information, have been pro- 
duced at the Physics Computer Development Project, 
University of California. at irvine. Most important to 
potential authors of dialogs in the secondary cur- 
ricula is that effective techniques have been worked 
out to assist the aiithqr in preparing units. Dr. Allied 
Bbrk of thie Phv. :^s Cojnputer Development Project 
has written :i pap.;/ "The Computer in Learning- 
Advice To Dialog Writers,'' that is a '7 al'«H!Me aid 
to anyone serii'Us about computer diaiorgs or PJtorials. 
There are no l irge collections bf-tutorials or dialogs in 
the sciences at this time, but there is no question that 
properly designed computer tut()rials can be of im- 
mense value in any curricula. The production of 
effective tutorials in science is an expensive, time- 
consuming, long-term enterprise that must be care- 
fully planned if success is to be achieved. 

Problerii Solving 

Most coniemporary activity involving the cotn- 
jDiiter in scienre instrucTion is in problem solving, and 
imderstandably so. There is a fundamentai reason 
why the computer is so powerful to the secondary 
sciei.ce curricula. Most natural processes or laws in- 
volve rates in one way or another; however, dealing 
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wifli rates uhalytically requires calculus. This means 
that iriariy vaiuahle ideas niUst be put aside because of 
the mathematical difficulties irivoived: The computer 
pernlits the innovative teacher to go around these 
dinicultics and examine nearly any topic desired. 

As an example of this; Newton's Second Law 
states that /•* = mn. In this fornu the student sees 
fiothitig but a simple igebraic equahty in three un- 
knowns: Given two of these, the third can always be 
computed: Viewed this way; the student misses com- 
pletely the ricli content of the law. which describes 
rates i>l ciumge of vcloc'ty and position. If the law is 
written j*^ a different form, the result is: 

iXt t^v - F 

'At t^r m 

In these equations the symbol A is read as "the 
'change in^ Tor exahiple, **the chair^ divided by 
the change in time eqmiis tlTiTvelociiy. ' A little alge- 
bra is all that is riecdet' to put the equatiors into the 
final form below: 



Thereafter the equations are: 



new " -^*()ki **oid 



At 



' old 



F 

-^-At 



Nt)w what is usual!* 
second-ojder liffcr 
to a simple algx'br- 
vatea and c-in 1 use 



oblcm involving a 
as been converted 
ihat is easily moti- 
. .eiits vyho have had only 
the rawest elements of a;^. jra. At a very fundamental 
leveK the p.oaj of mechanics is to predict the motion 
of an object given its position, velocity, mais, and the 
forces that act upon the object. But t*iis is precisely 
what is available in the equations above! 1 he same set 
of equations is valid in situations where calculus based 
methoiis t'aij. 

The pocket calculator can be used to great 
advantage in science instruction. This is illustrated 
with an example that uses the equations of motion 
viiven above. Snp^^ose that a mass m is driven by a 
spring with spring constant A: giving a force of -A:a-. If 
k = w = K then the following set of c Jtions is ob- 
tained: 

For the first velocity calculanon a half step in 
time is used to compute the velocity midway in 
a time interval. 



The strateg^/ of brje yelocity com putatibh with half a 
time step is called the *'half step methdd'\and pro- 
duces, a dramatic increase in accuracy, ff a time step 
of 0.5 is used, and it when t = 0, r = 0 and x = I, any 
pocket calculator -un be used to obtain the results 
below very rapidly. 



t 


V 


:x 


0.0 


0.000 


1.000 


0.5 


-0.250 


0:875 


i.O 


-0.687 


• 0:53 1 


1.5 


-0.Q52 


0:055 


2.0 


-0.979 


-0:434 


2.5 


-0:762 


-0:815 


3.0 


-0:354 


-0.992 


3.5 


0:I42 


-0.92 i 


4:0 


0.602 - 


-0.620 


4:5 


0,912 


-0.164 


5.0 


0.994 


0.333 


5.5 


0.827 


0.746 


6.0 


0.454 


0.973 


6.5 


-0.032 


0.957 



'old 



At/2 



If X is plotted against time, a very nice c^osine func- 
tion is obtained which is, of course, the result ob- 
tained usin^ calculus. The point here is that a compu- 
ter method converts differential equations into alge- 
braic equatidris which may or may not require the 
computer! As illustrated above, a pocket calcu- 
lator can produce dniriatic results: The most im- 
portant idea might be summed up in the principle 
that "the more you use a computer, the less you need 
to use the computer:*' Gnce students become familiar 
with conipntcr methods, an idea can be explores.' sim- 
ply by discussing how the solution would be obtained. 
Manyv times this provides the desired insight into the. 
problem. 

The data above iHustrate a fundamental prob- 
lem with computers in the problem-solving mode. 
The output is usually in the form of columns of num- 
bers. It is very difficult to acquire a feel for a solution 
using this kind of output. Consequently, if at all pos- 
sible, the results should be output to a graphic display 
device of some kind— an XY plotter or a graphic ter^ 
mtnal. Crude; graphics can be accomplished with the 
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iills ■ -.1 V 

do t in-: J VI - 
proi^lorns ii" 
solutior-. A- 



nt li is tloric in the ciirri- 
.liiib i -'[.''J f"T;^ ) provides u 



^iipiih.lfty ,'r,. let vpcwritbr. 
■i: l^owcvor. only wlie' 'iu- iniiLi ■iii is 
ntnes n s()liint)ii cf one ol tlie r;itL- 
issed ;ih()ve tines mn Ul\\'c ;j closed forrii 
Mjjci teclinitpies liiusl he iised. Several 
riew hard- .'opy lerrninajs on the ni'iirkct based oh tlie 
I)iahj(» ,'>rintiiig mecliaiiisni cnn produce cxccileht 
graphic oii'p()t equivalent to an XY pioiter. If nt) 
grapfii^-' tiisplay devices are avjiii;jblr. students can be 
taught to quickly scan a column ol numbers for such 
characteristics as niaxima, minima, and zero points: 
Crude graphs ^-an he sketched quickly with lliis infor- 
niHtion; As the price of graphic display devices drops, 
careful consideiaiion should be given .to the peda- 
gogical value of graphic output . ' 

A good deal nj excellent cnrficuluni niatcriaMn 
the pr()hlem-solving nuide is curienMy available lo the 
science teacher. Some of the lluntfu^fon Project pro- 
gjants in this area are li.sted below. 



I'VOLU A natural selection experiment. 

N/YMM I'h/yiiiatie reaction rales. 

PHOSYN Photosynthesis rare experiment. 

R|-(*LCT Kcnectioh through the least time principle. 

SPAC'H Characteristics of orbits (noiigraphical j. 

WAVliS Siini c)f twi) Vi UVes. 

MOLAR Acid base titratitm. 

PHPOU pll and pOH percent di. ociation for weak 

monoprotic acids; 
DhCAYii Nuclear decay; 
EQUILl quilibrium of 2///^//2 +/:; 
EQUIL2 Hquilibrium of PCU ^^Cf^ + C/.; 
KINHT Reaction rate of /I ^ 
MASSi) .Mass delect. 
BIMHLD Magnetic field picture. 



Tlie Hewlctt-P;K-kard Curriculum Project has com- 
plete instructional units in science on riconictric Op- 
iics. Mechanics, HIectricity and Magnetism, and Wav-es. 
All tlicsc arc suitable for secondary school use. 

The list of applications above is a representative 
sample (^f a larger collcclicin. The instructor who starts 
iisihg units such as those will most likely bc|;in i > 
devel()p his oWn :ipplicati(nis a.s tiniQ goes on. The di!'- 
ferences m classes and in scIuk^I systems makes tliis 
highly desirable. 



Data Analysis j 

Sooner or later; aM science students b^com ? in- 
volved witli acquiring and processing experiincntal 
datu. The computer has an obvious and ^'aluable func- 
titin in this process. Simple programs to compute the 
riie;in and standard deviation of a set of datn are very 
easy to wriie a. J often are valuable student exercises; 
One oi' the HiJ' tinglon Project programs; STAT; per- 
forms stati:;ticai analysis of laboratory data; Most of 
the program libraries j'urnished with computers con- 
tain very sophisticated statistical analyis programs; 
(It IS questionable whether these types of programs 
;'rc of much value in the secondary curricula, s- . e 
they presupp;?se a. ^:nowledge of mathematical 
statistics.) 

Very littfe more needs to be said with regard to 
the computer for pocket calculator) and data analysis 
in the science laboratory. It is, however, important to 
tiote that the computer is not bcrug ui-ed in a particu- 
lar ly imaginative mode i»ere. It is regrettable that 
faculty often feel this is ihr only place computers can 
be u;scd in science instiuctibn. Data analysis is- cer- 
tainly important, arid computers have an important 
applicinion here-,- but not to the exclusion of otiier f 
applications that are probably more valuable. 



Sim ilations and jmes 

Computer g r .s provide a vast potential wait- 
ing to be expioitL ^«'ise e|J|cator; It is the 
common experience y h r,niputer facilities that stu- 
dents love to play game.s on computers; Incredibly 
mvolved and detailed games liave been developed: 
The "Peoples' Computer Comp;my" has a list of 
enters .ining fames for which program listings are 
available. "1 01 BASIC Computer Games," the first 
known collection of games .solely in the BASIC lan- 
guage, is available from the Digital Equipment Cor- 
poration. 

With all cbhiputer games, it is important to de- 
cide whether the computer is providing merely relaxa- 
tion or educational instruction. The best ^;^mes are 
those which involve meaningful concepts difficult to 
teach ill ()ther ways. A particularly good exa^iple is 
••Fermatopohs 500," conceived by Murray Alexander 
of De Anza College. In this game, two drivers start at 
p ^' A and the race finishes at point H. !t is an unu- 
sual type of race because the drivers cannot control 
the speed: The computer assigns the same velocity to 
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each car in region I and a different velocity to :jach in 
region H. 



II 



/ 



"7i 



A 



B 



Figure 4-3 1, Diagram of a lace in the game 
'•Fermatopolis 500*'. 

The oniy control the uriver has is to choose^where he 
wants to cross from region 1 into region II. The objiec- 
tive is to reach B in the minim, im time. A graphic ver- 
sion has been implprr *nted in the Physics Computer 
Devciopmerit Project. The^ganle is designed to teach 
Peru at*s Principle-one of a class of important optimi- 
zat'on princijDies iri physics. Normally, these ideas arc 
invesii^ated Using calculus, but they can be profitably 
explored in the conipui'^r gartie format. 

STfr/iffatwns 

In IhJ long run, computer sim.uiations may well 
turn out to provide the greatest educational gain for 
the largest number of students. A depressingly large 
percentage of science classes are forced to treat sub- 
jects peripheraiiy; never coming to grips with the cen- 
tral issues This occurs because of the almost complete 
jack of Kiathem? al skills of most students. With a 
minimum beginning algebra, though, students can 
be taught to construe^ computer models which per- 
mit them to acquire valuable insights into what are 
often very involved problems not susceptible to 
mathematical an2ly^is. ''Air Pollution/' one of the 
Hf'.vlett-Packard CiirricuJi;?rn units, leads studeri::* 
th.-.,u*?h :His type of process. A second unit in the 



series, whicii requires no programming; is an ecoiogical 
simulation called GRAZE: The foiiowing simulations 
from the Huntington Project have been expanded by 
the Digital Equipment Corporation and have back-up 
^material availabie: 



STERL Fly Population control. 
GENE Genetics simulation. 
POLUTWaieT pollution simulation. 

An excellent referer.ce for modeling of processes is 
The Man-Made World, published by McGraw Hill. 



SUMMARY AND CONCLUSIONS 

Therp is rib question thai computer can be of vast 
importance to the science curriculum. The surface has 
just beeri scratched. So far, the computer has been, 
used generally to do what was going to be done in 
any case, though possibly in a more imaginative and 
innovative mode. What rieeds to be done at all levels 
is to examine critically what one would like to do in 
a given curriculum, quite apart from existing texts 
arid rjefererice materials. This process is difficult and 
frustrating, but is exy valuable: The computer shoujd 
be viewed as a toc^ which is avjnlable to assist the 
educator. A course should be quite different, both ex- 
ternaily and internally, depending upon whether a 
corriputer is being used or not, in fact, this criterion 
is a good one to judge the effectiveness with which 
the computer is being utilized in a specific course. 

A final point is most important. The yeasi of 
effective computer Utilization in the science curricu- 
lum is a collection of good ideas. Things that seem 
obvious to one faculty member and not worth repeat- 
ing may not be at all obvious to ari other. Collecfive, 
organized action by a group of qualified arid inter- 
ested educators is much more lively to produce high- 
quality results thari the eff^ 'i'ts nf isolated individuals. 
This \s_ particularly truJ ol corii;-iiter tutorials or dia- 
logs. The time reqjired to pibdUce and test effective 
units precludes the generation of significant collec- 
tions b^ an individual; the group effort is mandatory: 

The conlF:':^er has exploded irvto the educational 
comnuriity with a speed that couid not have been 
predicted ten years ago. T izauntlet has been thrown 
down. The potential gain . ;urely^grea£er in the sci- 
ence curriculum than any other: How eil education 
mee;-" tl\e chaM'^nge remains tc be 3een. . 
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COMPU TERS IN THE SOCIAL SCIENCES by Allen P. Glenn 
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INTRODUCTION 

>v ■ 

Social studies i list riict inn in day's classrooms 
llccts a kaleidoscope of historicnl precedents and 
innovative ^rcr ii in instruct ion ai strategies and ma- 
(crials. Many courses are dominated by the historical 
approach to iha study of man and by the lecture 
method oi lca< ^ling: An increasing immber of courses, 
Liowever, reflects the newer and more innovative teach- 
ing stiUiegies and materials th:it were developed in the 
late sixties and early seventies In these classrooms 
the analysis of various topics, issues, and questions is 
undertaken through a social science perspective with 
emphasis on the scientific method ofinquiry ahcl the 
exploration of various values arid value questions. 

The social studies teacher of the seventies is 
chargtJd with preseniing a realistic picture of mail's 
world and the problems he faces, and with teaching 
students the analytical skills necessary to en4ible them 
to confront the problenis arid deriiands of an ever- 
chariging environment. Social studies teachers who 
take this charge seriously rely on a varicl v of instruc- 
tional stratej^i'^s and seek to rrieet the individual letirn- 
ing needs oi each studerit. As a consequence, th '^e 
major elements cliaracteri/e social studies education: 

1 . Emphasis on the social science disciplines as a 
basis of study. . • 

2. A locus on analyzing the individual and coIIp':-' 
tive value positions as they relate to various 

- value questions corifroriting man. 

3. Increased eniphdsis on a rribre indivicfUalized, 
flexible approach to social studies. 

Co ijpu('. ^-assisted instruction is in the forefront 
of ihc newer instructional strategies being used in the 
scKiai studies classroom. Until just a few years ago the 
computer was viewed by most socfal studies teachers 
as a th'-ig that belonged to the math classroom ; re- 



cently, however, more and more teachers have begun 
to realize the flexibility and potential of the computer 
as it relates to the study of classrodm topics, the anal- 
ysis of data^-and the exploration of value questions. 

During the next few years, computer-assisted 
instruction will become an integral component of a 
social studies classroom's learning environment. A 
major factor in this growth will be the increased num- 
ber of cbmpater facilities; and equipment that wil! be 
made available. Also, additional materials related 
specifically to social studies instruction • are being 
developed and distributed. The most crucial factor in 
this increased use of the. computer, however, that 
the social studies teacher u^ill have bppoi tuniti^^s to 
become versed in h6w the computer rhay he nzjd as 
ari iristructibnal tool in the classroom. ^ 

•r 

_ _ _1 _ < 

USES OF THE COMPUTER IN I^ISTRUCTib^i 

It is a ill is take to chnsidej the computer as a new in/ 
structional gimmick tp incl'ide in a teacher's bag/ot 
tricks: Such a conception q^uses one;to rnis^tbB tre- 
n1endou8 potential of the computer as an^striictional 
tool to assist teacher and student in aernieving the in- 
stJuctional^^objectives of a-urfit of study. The compu- 
ter and its related materials mu^be considered as_ari 
integral part of the tdtal instructi6nal_procc^>. The 
teacher must plan ahead for the most effective v^ay to 
use the computer in meeting the goals of the unit and 
the individual needs and learning styles of the stu- 
dents. 

Drillmaster and Tutor ; 

Learning facts, concepts, arid gerieralizatidns 
has always been an iritegral part of the social studies. 
In fa< t, some critics suggest far too much of sotial 
studies instruction fDcuses on memorizing facts and 
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iigures: Whether mc agrees or disagrees, there are 
iacts.c()ncepts:'and generalizaiiotis that are iniporlanl 
jntocedorus to higher ievei iearning;- 

DnJl and tutoring programs can he used effee- 
lively in the social studies ciassrooni in two ways: 

1. They may be useil as an inslrticlional sfrategy 
to assist students in learjiing specific facts: f-or 
example, in an American history class in which 
there are many important facts, tlie teacher 
may develop a drill or lut()rmg program to help 
the studenis learn them. -During the unit each 
sliidcrit. depending ori his owri needs, rnay call 
lip the prograr. and check his learning. This en- 
ables him to K uii at his own pace and lets the 

j teiither and c|: ^ explore other areas of impor- 

I tance to the Ir t. 

2. j They rilay hv : 'ed as a part of an iridiy.idualized 
/ rearhirig p.jc i More and more social studies 
/ teachers a-v ihct using these as part of their 

progroiiti i); ; having students develop grading 
-p<imracts. Ufill or tutoring, program included 
m til? stuc. ;:t's materials or cimtract would eri- 
• sure that students are acquiring the basic ele- 

menis jach unit: 

These two typos of activity let the-iitudeni jearn at his 
own rate, clieck Ins own learning progress, and deter-, 
/ niine what areas he may need help in. They also re- 
lease the teacher for other instructional activities. • 

While drill and tutorial programs are valuable as 
learning activities and offer significant assistanc'> to 
the teacher, iiiey do not utilize the full potential of 
the cbiriputer or meet the needs of most social studies 
curricula. In my opinion , it is in the areas of problem 
s(>lving, data analysis, and exploration of values thai 
compuier-assisled instructional programs art- most 
vafuable to social studies prograrlis. 

Problem Solving and Simulation 

An integr: I. component (if the social studies 
program is teaching the scientific method of inquiry 
as a means to problem solving. Students are to learri 
how to speculate about possible answers to a question. 
;. develop hypotheses, collect relevant data, test their 
hypotheses, and draw tentative conclusions: It is dur- 
ing this important phase of social studies instruciipn 
that the computer can be most effective as an instruc- 
tional lot)i. At present, a variety of packaged com- 
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puter prograrris and simulalibns are available for use 
in the classroom. Three excellent exarnf5les are 
:USP()P. i^OLUT. and ELECT 1,2, and 3, developed 
By the Hunt in gt on Two Project. These corn puter ' 
simulations permit the student to manipulate a variety 
of variables and can be used to lest hypotheses. They 
offer opportunities for interactiorl betweerl the speed 
and flexibility of the computer and the supporting 
classroom materials and instructional activities. • 
USPOP illustrates the potential of such programs. 

; USPOP is a human population model oriented 
toward irryestigating United States population pro- 
jections. The studem can invt^stigate the effects of 
rcrtility, age of mother at birth of child, sex ratio of 
■ offspririg, and age-dependent mortality on population 
si/.e and structure. The program can be used in a class- 
room iri which students are studying topics relating to 
the growth of United States population— a government 
or civics class, a sociology class, a current problems 
course, a geography course, or an American history , 
ciSss. In any of these, students could begin to explore 
questions concerning population growth. In a geog- 
raphy class studying population density^ for example, 
students might want to explore what effect zerbjDop- 
ulation growth will havie bri the pbjDulati^bn by 2050 
and then speculate about the changes that hiight 
occur in densely populated areas. By detenniriing the 
growth ratie and cbntrblling bther variables, students 
could develop hypotheses and tiest them by interact- 
ing with the program. Because the program provides 
instant feedback, the students could see immediately 
the results of their speculations and apply the data to 
their original questions about population density. By 
additional manipulation other varriables miglit beieon- 
trolled and students could explore a variety of 
questions. 

Such programs as USPOP offer the social studies 
teacher a variety j)f instructional opportunities. A . 
particular program may be incorporated into a unit 
ariL used as a classroom exercise in which the (?lass' 
discusses and exjDiores selected toptcs vvith the teacher 
controlling the questions and areas of study. Such a 
program would alsb be useful in teaching slu^ients to 
develop and test hypbtheses and draw conclusions. 
Here, the Cf.mputer program would be a slcril-building 
exercise. It may also be used to let students explore 
questions tl at are related to the topic of study but go 
beyond what is to be considered during class discus- 
sion: Small grcQps of students might explore specific 
questions, or an individual student miglit seek answers 
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to a question of special concern to him. Still another 
use of probieni-soiving programs would be in the area 
of evalua:tion: For example, after the class has studied 
the growth and determinants of population, the 
teacher might run a specific set of variables through 
USPOP and ask the students to discuss the results. 
Such an activity would be an excellent summatiye 
evaluationai technique. 

K 

Value Questlbhs , 

\\\ of the programs mentioned above perrriit 
'^le ituden* to explore a variety of ^'what-inwe-^did- 
thi.» * inquiries. Suclr questibris offer Ihe student arid 
teacher ?.r\ opportunity to explore nUrrierous value 
questions related to a specific topic. For exariiple,- 
rriany students raise questions about the most effec- 
tive way to control population. Such alternatives as 
sterilization and forced birth control are, offered: 
Computer progrants like USPOP not only let the stu- 
dent observe the impact ol ooch acticji; on the popu- 
lation, but also permit exploration of the question, 
*'Shouid wc do thts act, given tKe'pc.^ibje impact on 
our population'?" The possible wers raise issues 
and conce;ns that aftr a vital -^»rt of today's social 
studies curriculum. Because students caii observe the 
impact of their decisions, they may think more seri 
ousiy about their own values and decisions. 

Data Analysis 

Analyzing and cbllecti^.? data are skills related 
to problem solving. Students must be able to manipu- 
late data that have been collected arid analyze the re- 
sults of the statistical analysis. Data banks (collections 
of ihn3rmatibii about a selected topic), are currently 
being Used in social studies programs from elementary 
school td^seriior high sciv ol. The manual process of 
ariqlyzing the d Umirig task ; computer- 

based program; ^ leedback and flexibil- 

ity can be of : .. ■ . With .minimal effort 
students caii selov.^ . f; .. ;nation from the data 
bank, cortipkte selected pnaiysis programs, mC beg^n 
to deveJop tentative conclusions: 

Some data-analysis programs also let stndci>^*: 
enter and analyze their own data. !n many sociy 
studies classes students develop questibrinaires, drav 
samples, and collect data. For example, American 
government students collect data a^out people's atii- 
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tudes toward the government. With the assistance of 
computer packages developed specifically for data 
analysis purposes, students may create their owh data 
bank and select the appropriate variables and statis- 
tical techniques, Th?se programs increase student .in- 
volvement in the jtiii lysis process and increase hh 
learning about w'lat ij means to collect and analyze 
data r^ated to a specific problem. 



CONCLUSIONS 

Computer-assisted instruction ijiay be of tremendous 
assistance to the social studies teacher. The computer 
offers a means of improving and enhancing instruc- 
tion, and its flexibility can provide an additional 
**te'acher'' and an c^^en laboratory for exploring and 
analyzing a varietj .f topics. Used effectively, the 
computer can widen the horizons of social studies in- 
struction and more effectively meet the needs of to- 
day's young adults. But it is the teacher who holds 
the key to the use of ihe computer as an instructional 
tool; not until he decides to incorporate it into the 
total learning ar.cl ino. uctional process will the com- 
puter be more than another gimmick in a bag of 
tricks. 



SOURCES ,i 

Information on computer programs for the social 
studies may be obtained from the following sources: 

Software 'Distribution Center ' 

Digital Equiprrieht Corp oration 

Maynard, Massachusetts 01754 

Digital produces all materials developed 
jy Huntington Two Project. Huntington 
II has produced a variety of social scienoe 
packages^for use in the.classroom. 

Tecnica Education Corporation 

1864 S. State Street * / , 

Salt takje City, Utah 84115 / \ / 

' '/'^ (Tcnduh 

P.O. Box 388 

Iowa City, Iowa 52240 / ' 

This is a clearinghouse for computer /as-, 
sistec instruction. , 

Teachers shoujd also check with the social studies/co- 
crdi .ator within tfietr district to deierniine whit is . 
i;vailable at the present time. 



GOMPUTERS IN THE SOCIAL STUDIES by Joseph U, MeQrath 



IIMTRODUeTION 

The new social studies emerged in tlie early j96(D's. 
While probably no single element of it is entirely new, 
the changes that have occurred over the last decade in 
teaching higli school social studies have been exten- 
sive. Broadly stated, tliese reforms involved moving in 
the direction of 

1 . Greater ernphasis on the social sciences; 

2. Greater stress on the methodologies of research 
or tiuides of inquiry; 

3. Greater concern with contemporary problems 
and world perspectives; 

4. Greater interest in attitudes and values, the af- 
fective domain; 

5. ' Greater use ot a variety of materials rather than 

the single textbook; 
. 6. Greater utilization of varied teaching methods, 
especially those emphasizing student initiative. 

In brief, the traditional content and techniques of 
V teaching social studies have been greatly expanded 
vand updated. While the reforms have no: been uni- 
formly successful, it has been an invigorating decade 
professionally for the experienced social studies 
teacher. 

It now appears that we are in a period of con- 
solidation. Many institutes and projects are closing 
down. The professional literatur'^ seems far less radi- 
cal than before. Private publishers have taken over the 
publicatiori and distribution of materials that were 
briginally_produced by federally funded social studies 
projects. These materials are finding^ their way into an 
ever greater number of classrooms. So, while the crea- 
tive stage of the new social studies appears to have 
passed, we shall certairily riever go back to the old 
social studies, despite the current nostalgia for the 



i95b*s; change and evaluation of materials. and tech- 
niques are still very much a part of the typical high 
school social studies classroom: ft is in this context 
that the computer will be used in social studies 
education. 

The computer is an event in human history. In 
its impact on the life of man, it seems destined to 
rank with printing, radio, and television. It is part of 
our world and even more part of the future world of 
our students. As such, it clearly belongs in the social 
studies curriculum. We have a responsibility to teach 
technological literacy; Our students cannot under- 
stand contemporary American government, business, 
or industry without knowing what a computer is and 
what it can and cannot do. 

One of the basic principles of the n^w social 
studies— one that goes back at least to John Dewey— is 
that students learn through experiencirig a process. 
While we certainly have a resjDonsibility to teach 
about the computer as an object of instruction, the 
most valuable iPiarning will occur where we use the 
computier as a tool for instruction; it is in this use the 
student can be given that hands-on experience which 
is such an important element in achieving real under- 
standing: Used in its several roles, the computer can 
contribute to social studies instruction in a variety 
of ways. 

But social studies teachers don*t know anything 
about computers! This may be true for many of us. 
Not only do we not know much about computers, we 
are intimidated—even frightened— by them- Despite 
their historic dimension, computers are really not our 
thing. Rarely, if ever, have they come into the high 
school in response to the demands of the social 
studies department. Mathematics and science depart- 
ments and the school administration have provided 
the leadership in making coniputers available to the 
schools. Ours is a humbler task. We have access to a 
computer, or will have in the near future: how can we 
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use this opportunity to enrich our teaching and fulfill 
our obligations to our students? 

USES OF THE COMPUTER IN SOCIAL STUDIES 
INSTRUCTidN. 

brill and Practice 

Functioning as a drillmaster in the social studies • 
classroom, the computer can relieve the teacher of 
that thankless job, save his time, and provide the stu- 
dent v/ith an interesting way to master some of the 
basic facts and concepts of history and the social 
sciences. ' 

Computer-coqducted drill has several obvious 
advantages over a question-and-answer drill session 
with an entire class. The student can take time to 
think out the answers without always having another 
student answer first, so that each student progresses 
at his bvvn rate. The fact that th,e student learns im- 
mediately whether he is ri^t or wrong and is then 
given the exact answer is a decided advantage over the 
usual written exercise: Finally, at the end of the com- 
puter exercise the teacher has a record of the student's 
perfortnance. 

Although drill is not looked upon with fa/or by 
most exponents of the new social studies, many class- 
room teachers find it a vaiuabie teaching aide when 
used selectively: the drili programs are usually simple 
and can be; constructed by the teacher with the help 
of a student who knows BASIC programming. 



Tutorial 

For the sdcial studies teacher the most valuable 
tutorial programs are those which present and explain 
a concept. Has any high school Anieric an history 
teacher developed a technique for presenting the 
money question of the 1890*s that did riot leave some 
students bored arid others confused? How efficient it 
would be to be able to send the students to a compu- 
terized tutorial program that would allow e^ch to 
leairn at his own pace. This function of the computer 
will become increasingly relevant as we integrate 
more of the concepts from the social sciences into 
our social studies carricuium. 

Problem Solving 

Marshall McLuhan lias pointed oiit that compu- 
ters are extensions of our brains, as tools are exten- 
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sibris of our bodies, this is a helpful concept to keep 
iri rilirid wheri considering the use of the computer as 
a prdblerii sdiver. Certainly problem solving has long 
beeri a centrai theme in social studies education: 

in a problem-oriented social studies curriculum, 
the computer can be a most effective tool in allowing 
the students to deal with information at a level of 
cdmpiexlty and sophisticationlthat has not previously 
been possible. Applications in population " studies, 
ecology, and economics immediately come to mind. 
A typical problem migiit be: 

' If in 1978 Congress passed a law limiting fami- 
lies to two children, what would the population 
of the United States be in the year 2000? 

The answer to sUch questidris, quickly provided by a 
computer, can be the springboard to- interesting and 
instructional analyses, papers, and discussions of 
mariy sdrts. The validity of the program model deter- 
mines in part the accuracy of the solutions the pro- 
gram generates: This is a most important concept for 
the social science student, as it concerns not only the 
validity of computer results but the validity of any 
model-based analysis. In this context, recognition 
thit the quality of the data put into the computer 
determines the quality of information coming oiit 
("garbage in, garbage out") is important and relatively 
easy to-get across to students. In addition, use of the 
cornputer for problem solving naturally invites discus- 
sion of how the computer operates as well as what it 
outputs—important topics for studenta. 

It is especially in the area of using the cdmputer 
as a problem-solving tool that attitudes toward the 
computer can arid should be developed. It is, after all, 
a tool that is used as the men who cont: il it want it 
used. If it is beirig used iii such a way as to threaten 
bur privacy or freedom, our compjaint is against 
those who are so using it. In the wrong hands, the 
computer can pose a threat to freedoin. But that 
threat can clearly be contained by a concerned and 
knowledgeable citizenry within our democratic 
traditions: ^ 

Data Analysis 

A number of elements of the new social studies 
support the educational value of having students iri- 
vesti^te problems through the coljection and analysis 
of data. For example, the High Schpol Political Sci' 
ence Curriculum Project recommended the use of the 
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high Schddl itself as l\ iahoraldiy for testing proposi- 
tions: Here the student social scientists use their 
school arid their ciassriiates as subjects to be surveyed. 

In school or out, the student research piaper 
based upon a survey or other sources of quantitative 
data is incrcasirlgly coiiimon. While the data are neatly 
presented in these student research papers, typically 
nothing is done with them beyond a simple quaiitlta- 
five comparison: The computer alltiws a much rhore 
sophisticated analysis and ev;iluation: It also encour- 
ages the students to expand both the amount and the 
type of information they secure. 

Another educational use of the computer ii: 
data analysis involves allowing the student to test 
hypotheses by using a comprehensive collection of 
(lata that is pari of the program. The Educational 
Systems Research Project at the Carnegie-Mellon 
University has a system-the U.S. Congress 1829- 
1836 -*which provides the student with data on 936 
individuals who served in Congress during this period. 
Each corigrcssiTian is described by 11 fty-t wo categories 
of Information. Also included is data on 5,000 Con- 
gressional bifls or motions that were introduced and 
how each congressman voted. Here certainly are data 
to test all those theories of who supported Andrew 
Jackson and why. It also should give the student an 
appreciatiori of the complexity of the past. But, most 
important, it should give him an understanding of 
what it means to formulate a hypotliesis. test it, 
<i revise it. test it again, and so on. 

i 

Simulations 

Computerized simulations and games provide 
the classroom teacher with one of the most inventive 
and promising instructional innovations: For social 
studies, simulation provides a self-contained environ- 
ment in which the student or the class can study iue 
cause-and-effect relations in a model of a complex 
real-life situation or system. Here the student social 
scientist can experiment in economics, political sci- 
ence, or sociology as his counterpart in the science 
laboratories can experiment in biology, chemistry, or 
physics. Using the computer, the student can explore 
the model and formulate, test, and revise hypotheses. 
In the Huntington Two sirriulation MASPAR, for ex- 
ample, the studen- is given the bppdrtUhity to ex- 
plore a model of the relationship between class struc- 
ture and political participation, among other variables. 

* Social Education (December 1970), p. 905. 



He then is able to do something that no pbliticjil sci- 
entist can do in the real world: he can change the 
class structure simply by typing in different numbers 
and watch what happens to political participation. 

Educational game programs are also based upon 
, simulations of real-life situations or 53/ stems and are 
\ highly motivational to students, MARKET, another 
Huntirigtbn Two simiilation, illustrates the game- 
dimension of a simulation of economic competition. 
Two groups of students assume the roles of presidents 
and other officers of two companies manufacturing 
and selling bicycles. Each team of executives makes 
decisions^ abbUt produ|:tibn, advertising, arid pricing 
for their company during the forthcoriiing quarter. 
After the decisions for both companies are entered 
into the computeV, a financial statement for each 
company is printed out. The tv o teams make their 
decisions for the next quarter on the basis pf these 
financial reports. The gaui.i ends when one company 
accumulates 12 million dollars in total assets or goes 
bankrupt: 

Even in situations where the cne computer ter- 
minal is located in the math department office, it can 
be used as an instructional tool in the social studies 
curriculum. For example, POLICY is one of a number 
of computerized simulation games that can be played 
without direct contact with the computer. It is a simu- 
lation of the interest group process in formulating 
riatjonal pblicy. The students, are riienibers of one of 
"six interest grbups: Business, Labor, Civil Rights, Mili- 
tary, Internationalists, and Nationalists, Each student 
is given a list of socioecbribmic iridicators that por- 
tray the health bf the country and a list bf j3blicies 
which if passed Cbuld change the indicators. Each " 
interest group compares its gbals with the national in- 
dicators, eximiiies the policies, and decides which tb 
support: Realizing that they need the suppbrt bf 
other interest groups, they bargain to gain the votes 
for their policies: At the end of the class peribd each 
interest group turns in a form telling which policies it 
supported with its 100 influence points: 

Any time later in the day, the teacher or a stu- 
dent can enter these data into the POLICY program. 
After the computer determines which policies have 
passed, it prints out the resulting changes in the socio- 
economic indicators: The teache: can duplicate this 
computer printout and hand it out to the students at 
the beginning of the next period, when it becomes 
the basis for the second day's deliberation. The class 
is thus able to benefit from computer simulation with- 
out ever having direct access to the computer. 
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SUMMARY AND CONCLUSIONS 

The computer represents a promise and a challenge to 
the social studies teacher. The promise is evident in 
everything that has been discussed. This fantastic tool 
can extend and enrich student learning beyond belief: 
The challenge is to adopt it and adapt it to our teach- 
ing methods and educational goals: Certainly the 
modes of instructional use as described above are 
compatible with the thrust of the nfew social studies, 
in our discussion of typical uses at least one computer 
appilcation was mentioned for each of the six reforms 
listed in the introduction. And it must be emphasized 
that computer-based instruction is being proposed as 
a complement to existing educational techniques. 

School time, however, i? limited. New methods 
must not only be educationally sound, they must be 
more efficient than those they replace; and they must 
replace something. What then are the unique advan- 
tages of teaching with computerized instruction? 

1 . The students are more hi^ly motivated be- 
cause they are more actively involved . 

2. They learn the skills of procedure, analysis, and 
decision -making. _\ 

3. They learn the relation of factual information 
to concepts and how relevant information is 
used to test hypotheses. 

4. They increase their self understanding as they 
see how they act in different learning modes. 

5. They probably gain an improved sense of their 
own learning abilities when they are allowed to 
proceed at their own pace. 

6. Student-teacher relations improve as they are 
less frequently in adversary positions. 

7. Participating in computerized classroom simula- 
tion games results in a more open classroom 
setting and a greater independence of students. 

8: More students are more actively involved in 
class activities. 

9. Attitudes and values change as students come 
to understand, appreciate, and empathize with 
the roles they play in simulated experiences. 



JO. they get to know their fellow students better 
through interacting with them in the games. 

The promise is there; the chaiienge is yours:* 
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GdMPUf ERS llSI VOGATldNAL AGRIGUbTURE 
by Jerry Paulson 



INTRODUCTION 

Agriculture today is less dependent on manpower 
than it has ever been. Less than 10 percent of the 
workers in the United States make their living oh 
farms, as contrasted with about 60 percent in 1850. 
In order to succeed, the farmer nniiist be a skilled man- 
ager: he needs to make decisions not only about the 
cultural practices required to produce crops oi ani- 
mals, but also about capital investments, marketing 
strategies, production practices, and the like: 

In the curriculum of agriculture as a vocation, 
teaching management practices and the elements that 
contribute to good decision-making are just as impor- 
tant as instruction in the varieties and uses of mecha- 
nical aids to the farmer. The computer can be an 
important tool in the fanner's decision -making 
processes. 

Despite the large oart played by agriculture and 
related businesses in the ecbnomy of the United 
States, lesis than 10 percent of the development effort 
of computer manufacturers has been spent bri prod- 
ucts or systems related to agriculture. Fortunately, 
the principial development effort has occurred at col- 
leges and Universities, and the effort has produced 
many programs wltich are useful in the classroom: 

The computer as a tool in farm record-keeping 
has many applications. It is used in analysis of farm 
enterprises to determine the profitability of each 
enterprise and whether the mixture of assets devoted 
to each enterprise is the optimum: In financial analy- 
sis, it can determine such things as whether to 
purchase or lease equipment: It is used in herd im- 
provement programs: It determines such calculations 
as least-cost rations: Simulations of an entire farm 
can be made with the computer. Classroom adapta- 
tion of these programs caa provide encapsulated 
experience which would require several years of actual 



production ph the farm, The size of the farm and the 
factors affecting its operation can be changed at -will 
in order to fjrovidt^ variety of situations for the stu- 
dent's manipulation. 

Computers are too expensive for individual 
farmers to own or lease. Most agriculturally related 
pfbgrams ate written to serve a n Umber of UserS*'arid 
to be processed in some centrally located computer 
facility, which additionally benefits agriculture stu- 
dents: Many schools now have access to a computer 
network through jterminals within the school, and 
many more can access a computer by batch process- 
ing (sut>mitting input data on coding sheets which are 
keypunched into cards and read into the computer, 
then waiting for the ouiput until the batch is pro- 
cessed). Many of the programs useful in the Voca- 
tional Agriculture classroom can be operated in either 
of the above modes. 

It should recognized that teaching a student 
to use service-oriented computer programs does not 
necessarily teach the concepts that can be used in 
later problem solving. The programs can be used, 
however, to reinforce theoretical and analytical con- 
cepts and jsrovide experience in performing managerial 
functions.* Use of the computer also can elim.inate a 
great deal of tedious data manipulation and calculr- 
tibri which cbritribUte little to the educatibn process 
but take up valuable classrobm time. The added en- 
hancement bf the edUcatibh prbcess through "learning 
by doing" as the student "operates" his farm with a 
simulation program is still another advantage of the 
computer as an educational tool: 



♦Michael Boehlje, Vernon Eidmah, and Odell Walker, 
"An Approach to Farm_ NIanagement Education," 
American. Joumai of Agricuiturai Economics, 55 
(May 1973). 
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USES OF THE COMPUTER IN VOCATIONAL 
AGRICULtURE 

o 

prilj and Practice 

Drill and practice would contribute little to the 
Vocational' Agriculture educational prdgfam. It is not 
the kind of cUrriculUm in which the deveiopment of 
fundamental skills is the objective; the goal, rather, is 
to develop the iability to apply knowledge to the solu- 
tion of problenis and to establish principles and prac- 
tices. Necessary drill and practice could be carried oux 
as a part of other classroom activities and need not 
employ the unique capabilities of the computer. 

Tutorial 

Use of the .computer as a tutorial aid has not 
become an important factor in Vocational Agricultirre 
education: True, some areas in the curriculum are 
amenable to this technique, biit little if any work has 
been done: Many other media adapt themseWes to the 
tutorial or "self-learning" tecHnique: programmed 
texts, film loops, audio-tape/slide sets, and similar 
devices. The proliferation and ready availability of 
these tools no doubt make them more popular than 
the computer for tutorial applications, and without 
doubt they are easier to acquire and use for the school 
which does not have ready access to con^puter equip- 
ment. 

Problem Solving 

One of the ways in which the corhputer can be 
used to good advantage in the Vbcatidrial Agriculture 
curriculum is as a problerh solver. Many probleins en- 
countered in the management of complex enti;rprises 
like today's tdfiTis require the compilation aiH com- 
parison of data involving many calculations or many 
factors. The computer's unique capability for accumu- 
lating and manipulating data makes it easy to splve 
this kind of problem: 

Some useful computer programs are: 

A program to calculate the future value of an invest- 
ment at a fixed rate of compound interest. 

A program to prepare a projected income staterrierit 
for a planned enterprise.. This program might 
also prepare a summary of costs and returns for 
an actual enterprise after it is cbrripleted. 

A program which will calculate, the pay-off period of 
an intended purchase of additional milk base 
for a given price per pound. 

A program which will calculate the most profitable 



way of depreciating equipment and print the 

depreciation schedule: 
A program which compares the costs of ownership 

arid custom hire. 
A program to calculate the true interest rate charged 

for money borrowed. 
Aprograrn which calculates the amount foi each equal 

payment needed to pay off a loan whose 

amount, term, and interest rate are known. 
A program which will calculate the break-even point 

for rented land. 

These are examples of the many kinds of problem 
solving programs available. Their value to the class- 
room teacher lies in eliminating complex and tedious 
calculations requiied to support the concept being 
taught: it permits the students' attention to be direc- 
ted to the concept instead of being distracted by the 
mathematics involved. 

It may be argUed that students, should learn to 
pierform these calculations on their own, but it also 
can be argued that so much needs to be taught in so 
shbrt a time that any increase in efficiency in the 
learning process is worth considering: When he comes 
to apply the concepts he has learned to real-life prob- 
lems, the student will have access to numerous sources 
to solve them, and it may be more valuable for him to 
learn about these sources than to use valuable class- 
. room time learning to work the problem himself. For 
example, a program which calculates the break-even 
analysis for rented land requires the following data: 
acres of land, length of crop rotation cycle, gross sales, 
hours of labor, tractor hours and cost perhour, ferti- 
lizer costs, side-dressing cost, seed cost, and all other 
costs, it is easy to imagine the opportunities for class- 
roorn discussion about the many problems and alter- 
natives faced by the farmer in preparing the daita for 
this program. The output is a tabular budget state- 
ment, showing the per-acre costs for each expense 
item, the estimated value of the crops produced, 
and the maxim uiji amount that can be fjaid per acre 
for the rented land. By simplifying the necessary 
arithmetic, the instructor is able to concentrate on 
the two important aspects of the problem: gathering 
the required data and analyzing the results. 

Data Analysis 

Data analysis programs in agriculture compare 
the results of problem-solving algorithms involving 
different conditions or strategies and select the best 
alternative: One such program might analyze the 
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profitability of a proposed investment; Input includes 
the estimated life of tlie item; percent return the 
money can earn if invested elsewhere; income tax 
bracket of the operator, current interest rate for 
loans, depreciation method, type of h)an, length of 
loan in years, total number of installments to repay 
tlie loan, purchase price of the item, down payment 
and/br trade-in, salvage value, additional income to be 
realized, reduced costs, and added costs. The o^put 
evaluates the profitability of the investment expressed 
as a change in the net worth of the business, the opti- 
nium depreciation schedule, the depreciation amount 
for each year of the life of the investment, and the 
break-even interest rate. 

Data analysis has so many characteristics in 
common with simulations as applied in the agriculture 
curriculum that they tend to overlap. The data being 
analyzed will i'requently represent an enterprise of 
the farm ()r a component of the enterprise. The pro- 
gram which analyzes the data thus becomes a simula- 
tion ()f the enterprise itself. For this -reason, the 
remainder of the discussion deals with simulations. ' 



SImutations 

Agriculture is especially adaptable ' to simula- 
tions. It operates within a definite cycle-the growing 
season -of the same length ev^ry year for a given 
enterprise. The elements affecting the enterprise art- 
relatively easy to isolate and quantify. The typical 
farm is made up of a number of different enterprises; 
each can be simulated separately, or the whole can be 
simulated. Tht typical livestock operation lends itself 
to. simulation for the same reasons. Since the produc- 
tion cycle fcr the farm is so long, simulations have 
special value. The experience of several years' opera- 
tion of a farm can be telescoped into weeks or days 
through computerized simulation. Games—simulations 
structured in such a way that they can be used com- 
petitively~are also useful. 

Some samples may help, the reader understand 
the scope and rangie of this kind of prograrri. 

Cash fiow analysis is a simulation of the enter- 
prise in financial terms. Input called for in inventory 
of assets, crop productions, saies purchases, Kvestock 
rations and feed use, income and expenses, capital 
acquisitions and sales, and personnel data: The output 
includes repayment schedule for current debts, cash 
.flow report, profit-and-loss statement, net worth state- 
ment, inventory reports, and a highlights report show- 
ing (1) changes in net worth, (2) change in debt, 
(3) effect of 10 percent price increase, (4) effect of a 



5 percent change iri cash costs, (5) effect of a 10 per- 
cent drop in crop yield, (6) effect of a 10 percent 
drop in feed efficiericy. 

The cow game simulates selective breeding in 
livestock. Initially, 50 cows are bred to 5 bulls. Based 
on weaning weights, yearling weights, and conforma- 
tion, the participants select replacements and deter- 
mine Uie breeding program. The factors affecting the 
product (the calf) have been limited to those directly 
connected with breeding and selection in order to 
concentrate oh a single aspect of the operation; . 

Several kirids of enterprise analysis programs 
are available; 0ne\ which has been adapted for dairy, 
beef ranch, or orchard enterprises, analyzes the data 
furnished by a group of operators about their enter- 
prises, il compares each operator's enterprise with the 
group average. Report output includes financial sum- 
maries; labor,^ capital, and land management; and 
. management of the animals, where appropriate. 

A farm management game simulates a 640-acre 
- irrigated crop farm with its appropriate machinery 
arid equipment. Decisions are made regarding crop 
choice, land purchase, fertilizer, irrigation, and ma- 
chinery. Price and yield are variables which are aP 
fec'ted by the dtxisions and which must be considered 
in making the decisions. 

Farm organization tP is a linear programming 
model used to determine the optimum combination 
of crops and crop acreages for individual farms. The * 
input forms are self-explanatory and completely 
describe the individual farm. 

Clasi>room use of the simulation,^game, or data, 
analysis program could be confined to dramatizing a 
concept or providing a jumping-off place for discus- 
sion; at the opposite extreme, operating a sijnulated 
farm could be a long-term project for an entire class, 
using the capabilities of one of the linear program- 
ming simulations. 

Many simulation programs are still in use as 
batch programs. Some of the value of immediacy is 
lost by this method, but it does make the programs 
available to more users and— perhaps— helps to teach 
some of the patience necessary for those who are 
going to live with the long production cycle inherent 
iri agriculture. 



SUMMARY AND CONCLUSIONS 

In summary, computer aids to educatiori in the Voca- 
tional Agriculture curriculum are likely to include 
programs which ;provide opportMnities to study farm 
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bperatidh in the classroom or which, by relieving the 
instructor of having tci order agi structure large 
amouhtsi of data of perform c^plex calculations, 
simplify the development of understanding and 
familiarity with the decisi6n-making process as ap- 
plied to agriculture production: Computer programs 
need not provide instantaneous response to be usable 
as instructional aids, and batch processing, common 
in programs designed for agricultural users, will prob- 
ably be with us for some time to come. 

if current trends continue, computers will be- 
come increasi i^y available and usable in'high schools. 
Modern educational methods are moving more and 
more in the direction of involving the student in the 
educational process. The computer provides a useful 
tool to encourage this involvement. 
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KEYS TO RECOGW:ZLNG GENERAL 

PURPOSE Languages 

INTRODUCTION 

It is not likely that ydii will be called upon to recog- 
nize programs written in all of the m'ain languages 
mentioned in the first part of this booklet-FOR- 
TRAN, COBOU ALGOL* PL/ 1 , BASIC, APL and 
LOGO. It is particularly Unlikely that you will want 
to use programs written in COBOL or any of the nu- 
merous other languages we have not mentioned here: 
To simplify your task of learning to recognize the lan- 
guage iised for a program, we wiil take a closer look 
^ at the four languages you are most likely to encounter 
as a reacher-BASie, FORTRAN, ALGOL, and PL/1 . 

Programming languages are sto-uctured very 
similarly, though they appear to be quite different. 
For example, the same three elements (input, process, 
and output) occur in each language, but the actual, 
words used (e.g. READ or PRINT) may be different 
in each. The differences make it easier to recognize 
the language. ^ 

The next few pa^s con ta^in examples pro- . 
grams written in BASIC, FORTRAN, ALGOL, arid 
PL/1 . For each language, \ye poir^t out the commdrily 
used word for each type of instruction arid some keys 
^to 4^clp you recognize the language. It wori't be neces- 
^sajy to memorize the keys: just read each one,'com- 



BASIC 







10 


HEM THIS IS AN EXAMPLRiA 


2b 


REM PROGRAM TO ADD 2 NUMBERS 


25 


PHINT "T^PE 2 NDMBEHS" 


30 


INPUT x*r ' 


35 


IF X-0 THEN 60 


' 40 


LE7;--S = X*y- - - - 


50 


: PRJ'nT "-THF sum IS^'i s 


5fe 


GO TO 25 


60 


END 



Sample program in BASIC and 



. pare it to the sample program in the language, and 
note the characteristics of the language. 

BASIC 

First, BASIC. This is the language used to write the 
programs for most of the computer-based curriculum 
units you will encounter as you look for useful pro- 
grams for your own classes. You heed not If arn to 
write programs in BASIC or any other language; to 
use the units, you need ovXy reco^ize the language 
^nd know whether it is available on your computer. 

The distinguishing characteristics of BASIC are 
listed on page 189, Read over the list and then ex- 
amine the BASJC program on page 18^, noting the 
key features of BASIC. 

FORTRAN 

,,Whi!e BASJC is used to write programs for iriteractive ' 
mode, FORTRAN is cbmmorily used iri iristrUctidnal 
niaterials where batch processirig is appropriate. 

Compare the FORTRAN program below with 
the same program written in BASIC. Notice that dif- 
fererit words are used for the various types of instruc- 
tions. Can you find the input, processing, and output 
instructions? How does the programmer make "re- 
marks" in FORTRAN? 

.fCTTRfttt 



c 


TH I S I S AN - ADD 1 1 ION PRO ORAM 


c 


11 ISA FOHTAN EXAMPLE 


7 


READ (2* 12) FIRST* SEC 


. 12 


FORMAT <L10) 




SUM^Fifie-P-'* - SEC 




WBIIE <3*20) tiU? 




GO TO 1 


20 


FORMAT <im 




END 



FORTRAN. 
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KEYS TO BASIC 

(>r(l INPUT t«. V'MJm9nly. .«i!l.»-^t!.in.^^^^ K> 



requfjil in\Hit from the u*i»T in tntcrafUvc nuxlt*. AnothtT tnpuj 
ln;<tru(.'tinn Ih HEAD. 



I V ( K;t»t ;< I n ^ rm 1 r u < • t toriH. The vKir«l UET often ttlcntlfius pruceHfilr.K 



in.strurtioriH in liAsir; Somi* vrraonH of UASK', however, omit tlu* word 
I.KT .so that r 

60 LET R>1«2 

woulit ;<lmply appear as 

- -- - - - • - - - ■- ■ ■■ ■ 

Output inHtruj-tiunw . The word PRINT tn prtmnrUy uned Hir output In 



HAiUC-wiien Lhe-pi'oKi'arii Ih In iinternt'tivc mcidc. Anolher nutput In- 
ritructlon iH WRITE, 

i*rtiKrnnamer-rc - uiark ;<-^ The woni REM Iptrtidures a ^ircjKTamnier- 



i:urnm.i.'nt in I^Sl.c;. These P.roKruninR<r. ri'marks are f^T. the i 
nnyone cxnmininK the proKnim llHllnKi ant) are Ignored by the fO(ii(>utL*r. 



Ij-O-P q"_rnberti... . Kvery_t»neJ.n n nASI<* pri>Kram Ih numbered Hi-quenttnlly, 



>ften (Init not alway;<) hy Il-qk. 

] ^QJ^PJjl»tl<Mvtt.orr.s_. .._ ljiop_lri;<tr-utjJoii» I'iiuse the pi'v>Krnm jo.paa8 thrbujth 
the same «ei of InHtrurtlonH HevfrnI Hwcrt. The words TOR, and NEXT 
are used In BASIC fur loops. Study the two L'xampleH of liHJpfi lo 
aee how loo ps work ; __ 





FOR I-l TO i 




PRI NT _ I 




NEXT* I > 




\ 




3 




4 









fiO FOR J- » TO ^ 
70 HhlNT "A- 
UO NF.AT J 



Loops ran alsn be formed uriln^ a GO TO inritructttin. 

Variable nnme;< . _ Look tn pro('ekstiitt_ instriirDrins for iiame]s <if Kumi'rit'iil 



quanltties. These names are ri'^ilrU'lt'tl In IlASlC* Ir) a !;/n>;lP liMter <)r a 
letter followetj by one dlKtt. The fnllowinn names would bf typUal fur 
qunntllic-t In iiAstC* pru^iim8-:A^a«X#-r« AWZO « V5 • Tiicrefore, you 
wUuld tint ftnd the form 10 SL'M-^X«Y, but rather lO S"X*Y . _ 

• 

fXher ki-vH . i.uok for the wordii DlH ant! lF-««tHEN In RASic pr(ij;rams. 



J 



^^'lo tp ! Ml < 7 f ) * S ( 7 J * A ( 7 ) 
JS/?E?\ THiS PKOGHAM COMPtrTES AVERAGES 
T6VeE3/ FOR A SET OF STUDENT TEST SCORES* 
Se FOR Rf I TO 7 
30 FOR C« I 10 5 
40 G(R»C) 
Sa NEXT C 
60 NEXT R 
70 TOR R»i TC 7 
80 LET S<R}>B 
90_LET_ACR)»e 
k 00 FOR C« I 13 5 
140 LEt-S(R>-SCR>VC<R«C> 

I SeS. NEXT_C 

i30 LET AtR>»StR>/5 
140 NEXT R 

150 BMIHT VSTUBlNT NO»-#-AVERA(&E** 
I 60 gOR_R» i TO_7 
I 70 ( PmHt) ^R*ACR> 



180 WEXT^ 



190 DATA &S«8e«9S#98«8d 

191 DATA 60«88*9S«50'7i 

192 DATA 86«8l«63«95«9S 

193 DATA 95«87«i30«93«98 

194 DATA 87*83*78«8^*87 

195 DATA 84«98»6S# 79*83 

196 DATA 90j!9S#90#85#80 
200 END 



BASIC program shewing some key features. 
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Now Ibok at the program again: Were your ob- 
servations corect? 



THIS IS AN ADDITION PROGRAM 
C IT IS A roSTRAS EXAMPLE 
^1 BEAD ca#l2> FIRST* SEC 
18 FORMAT CIIO) 
^SUM»FI BST * SEC 
WRITE XSieO) SUM 
TO 7 

10 FORMAT CIll> 
END 




FORTRAN program with comments: 



Now look back over the two programs and see 
if you can identify the FORTRAN version of the in- 
put, process, and output instructions used in the 
BASIC program. Write the FORTRAN irzstructions in 
the space provided. 



BASIC 
30 INPUT X, Y 
40 LET S=X+Y 
50 PRINT "THE SUM 1S";S 



FORTKAN 



In the BASIC program, the programmer calls 
the two riurhbers X anu Y and calls their sum 5. What 
are they called in the FORTRAN version? Check 
your answers below. 



Answers to questions above: 
BASIC 

30 INPUT X.Y 
40 LET S=X+Y 
50 PRINT *THE SUM 
IS"; S 



FOKTRAN 

'M^AP^a.ia) FIRST. 
SEC 

SUM=FIRST+SEC 
WRITE (3,20) SUNF 



I'X^'irB BASIC is "FIRST*' in FORTRAN; "Y" in 
BASIC is "SEC" in FORTRAN; "S" in BASIC is 
"SUM" in FO RTRAN. 



At this fjoint; you^can probably recognize cer- 
tain identifying features of FORTRAN. Here is a 
summary: 



KEYS TO FORTRAW- 

rtoTB . The word READ Is primarily used for infwt tn 
FORTHAN. although other words are also used. 

Pr ocea aTn^" tnjfffUCTtoM . No special word like LET is used for pro- 



ccsstrn?. These statcipcita usually take the formjof an equatlc^ like: 
NETmOROSS-DED 

TEMP-K . , * 

______ •_ > " 

Output tnatructiorm_ ._ l\\pyior± _'4HJr^ M \x^\i9\\y tn 
FOilTilAN. sUhoUKh other words ouch as PRINT are also used.- 

Progr ammer- c<!niarka >_ . C __^ _ahori for _" C pm _m enl" , a U owa the pr ojir a m m er 



to make remarks in the program which will bo ignored by the comimter. 
Line outpbeca . . _ Not e v e_ry J I o e_ need _be nu mbe red i n a FOflT ijt AN pr ogr a m . 



Line numbers »n FOHTitAN also do not have to appear in aequence. 
Lo6p_inatmcti_ong. __Loofe ar_e xnadj. iti.FQJlT_BA_N prp^.ams with the wgrds 



DO and rONTlNUE. For example, the foUowlnR loop would produce the 
ilulicated output: 







DO iO I*>t.^ 


I- 


VRITX (3* I 




rOR?1AT CIH »ia) 


I 10 


CONT 1 NirE>>— .--"N-.^ 


2 
3 
4 





Loope can also be formed ualng a. 00 tO instruction. 



Variable Name s. Most versions of FORTHAN aljow variables to be 
QBmed wHLth up.to aix charactersl The iollowtng. names wiiuld be acrept-^ 
able in FORTRAN: ACCMT< SUH< SUH34* Aft04< RESULT. 

Other Jceyai Look for the words FORMAT, and DlHSVSlON in FOHTiMN 
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Check to see thht you understan 
riiires of FORTRAN by loofeinj at the sample pro- 
gram beiow. 



(iJtMst) 




INITIAL -VALUES TOH VARIABLES 
9L0AN» 32700.00 
HATgH»0 .07^/ia.O 

H0NfH>3 

IY8-70 

1QTINT>0*GG 

SirP COHPUTk INTEHEST PAYMENT 

FDlNT>OLOAN*RATEn 

STKP COMPUTE PftrMTOT OF PRINCIPAL 

• PRINPT-PAmNT^PCiNT 

WRITE t3,2) 0LOAN,PRINPT«^DINt«H0'^tM«iY'R 

5 EQflMAI i • *#f'8-2,F8.2#rM-2^4X,i2, •/ ',12) 
ABCOMULATE INTEREST PAID SO FAH 
TOTlNT-TQTINT^POlNt 

IF- (OL0AN«PR4NPT> 4«t«6 
STEP 3. REDUCK PHInCIPAL 

6 P_LdAN!QLQAN>PKINPT' 
mti TH>MON TH^ 4 

IF t 12-nONTH> 5#«,4 
5 HONTH-i- - 
-fYR"IYH»t 

PH!St^l-^W C' AT FNO &F- REPO RT 
' ^< 3*3> 0LOAN,T0TINT 
SiFOHMAD f • i BALANCE OF LOATi- F6. 2* Fl 0. 2) 



Reading each line, you can easily spot th^ pro- 
gramirier, remark explaining what the jjrdgrarri is for. 
' Ciari you also find an input ihstriictibii, a processing 
instfifctidh, ail output instruction, and a control im 
structidit? Can ydli identify a Iddp? * 

Try. td find each df these features. "When ypu 
. have identified as many of the progranrt elenlehts as 
pdsisible, see below*, where the distinguishing chariac- 
teristics of ALtJOL are described: 



FORTRAN 'Program showing key figures. 



lDput-(ng-trucHonn; ._ A cohimoiily used input ihs^ructlan In ALGOL ii- 
RCAC : however, thta word ta not slandi^d for oil veritions of ALGOL. 



Procj-wsinK tiMlruftiona. -ProbaBly the bent- way to inatantlyrecoi^tze an 
-A-LGO L_ prpjjr a m la to find* a_ procc Ml njj I ris tcu ct 1 on , _ _A LGQL.Ls t_he only, 
commonly used lanKuafce that docs not use a almple equoJa sign In the 
processinK- Instruction, -t iu^^tfd. * ape^'ial symbo l Is used^-a colon followed 
by an equoJs Blgnjift^s==FSf7?^T 



Let's see now what our simple addition program 
would iook like if it were Written in ALGOL: 
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Check the features of ALGeb in the program 



below. 





OXYGEN (PERCENT OF OXYCiEN IN POTASSItfM CHLORATE) PROGRAMJ 
REAC~ MAS5Lj^lASiB#HASSA#HASSU#MASSCLiB#HAS 
PCt£RRdiR> ^ 

INTEGER IDI T 

ALPHA SN1*$N8aTNWTNS^ 
LABEL START* done; 

FILE C ARDf KI Nb«READER*N4><RECS t ZE« 14); 

LINE(KIND«PRINTER*MAXRECSIZE«88) > , 
FORMAT ^ Flli:4<A5> * X5» I 5* 3< XA* F6* 2) i J 

FORMAt FdI<X38^'^ASS OF -CH*COVER _CH*COVER MASS OF MASS OF" 

HASS-OF_ EXPEB THEOR"); _ _ 

FORMAT F02<X2A."RUN EMPTY CR, ♦KCLOS ♦KCLOS KCL03 " 

" KCL02 OXYGEN X OF X OF 

"PERCENTAGE-Ji 

FORMAT F00<X45i*'PEHCENT OF OXYGEN EN POTASSllW CHLORATE"//)? 

FORMAT F03("TEACHER _ STUDENT _ ID _ ♦ COVER BEFORE HT " 

"AFTEF HT USED PRODUCED DRVN OFF OXYGKN 

"OXYGEN ERROR ERROR")? 
FORMAt but F04<^^-- — — — — . — . 

"-r-— ' " 

FORMAT OUT F0S(2AS*Xl*2A5*X2*i5* lO/XQ* F6« 2)/ ) > 

yRltE(LlNE*Fbbi >VRItE(LIVF*F01>> 
VRltECLlNE*F02>l 
BRITE«LINE*F03IJ 
VHlTEtLINE#F04)J 

^T ARTl^ READ I CARD* Fl U SN 1 * SN2» TN 1 • tN2. I D*M ASSE* M ASSB* MASS A) C UOVEI t 

MASSUi&KASSB - MASSEI 

i^^MSfsCC2 i« MASSA - MASSE? 
MASSO 1" MASSB_-_MASSAJ 

EPCT wASsd/MAssu* ibb; 

tPCT i" 39*171 

EBRDR-i- BBSiTPCT - EPCT) J - 
PCTEBBOB !■ ERBOR/TPCT*iOO; 
WRI TE<LIME# FO 5» TN W TN2. SNl * SN2. I b* MA*rSE«MASS B« MASSA* MASSUv 

MASSCL2*MASSb* FPCt* tPCt* ERROR j <gCTERRq B/» 
-j-^- nn to STAHT) 
DONEi ^XP^ 



ALGOL program showing key features. 



Pt/1 

Finally, look at the addition program written in 
the Pt/1 language: 



/•ADDITION AGAIN# FOR THE LAST TIME*/ 

STAHTt GET LIST lNl*N8i; 

TOTAL - Nl ♦ MS; 
PUT List ttOTAL); 
GO to START; 

— - mr^x 



Addition program in PL/1. / 

jslote the programmer's remarks set off -by 
slashes and asterisks(/*). 



tntm( inatrutUtHW . The won i oitT 1« irt-qufntiy linitl in l»L/l iirograms for 
Input InBtrurtlonn. RCAO li alio uf<c<l. 

Pr»cfei»tinit in^tt^ctlc^ll» . Ainn FxiUtJiAN, jjnjct'jminn Instruct Ions arc u*uallV 
In the litrm «( an i<iuatlun, hk» 

AM>"PAfm • PARTa 
Likc_«tbfr l8nRU«Re«..l'U/l.t'an uiislKn.tht same valuf U> at-vt-rnl tUIffrcnt 
vurlaltlfN. iKit thL'jir "rnultlpUf aimiiinmi'nUi" ttre-ifontan_a unitiUH_i*iy. C*on>- 
twre tJw Inatruttl.inii ln»h»w. n-tttnu hiw* I'L'l (ll«tfi» »run> thr <»thfr.n. 



KuKTItAN 
I'L'l 



X-r-Q 1 LMCliji»l.the«e ln«Aruftl..nii rMultii 

X«y«0- I In QiBiKnlng tht value «» U»- ^»ot^ 

|*»"**"° f thf <juantltie« X anil Y. <Nulr the 

'*'**° ; »um«na In I'L/l.) 



OutumjEBtntrttuniL . Wt. I?.uae*l!n cnanv PL/ll>nmrttm« fur iKitputi (Kher 
worcJa ar« altiii uaed, Hurh aa VfllTB« 

Prtikrnmmpr rrmarttii . Thmr afr InaertwUwlwwn !«1uAh»ii itrxl niilt'riiikii! 



/•THIS is A TYPICAL R./! COHHCMT*/ 

Line nunil>pni . Aa In AUXlU. line* nf-PL/1 pPtmr^mN an- lalwiJt^ with a wi.rt 
lolUiweil liv a (i>li>n: fi>r i-xamiilr* AlOOi and HCRCi are IvjtUal Inhi-U. 
Lo»»i> Iiuitruttt4>na . Thf (olJi»*lnK wu'^l" """o uawl to fnrn. iiKi|ta in j't'l ! 
DO***IND 

DO...VHILB.**CNO 

Varlahle fuinica . Moat vfrajona o» »»L/1 frow itaniea up l<» ;il churut'tfra. 

Oth^rTceya . L«»k fur Ih* w»rtla D«CLAIII and 4>CT. In I'L' 1 iiMmrama. Xiau 
lottk Ur- man)c |h nttuatiun marku <aut h «a aemli'nhmal at thr »'n<U »» PL«^ 
Inat rui-tlnna. "~ 
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Look at the segment of a pL/i program below. 
How quickly could you identify it using the key to 
PL/1 listed on the previous page? 



STAtiSTICAL SWM Anr^ J^*) THIS PROGRAM OBTAINS AWD PRINTS A MINIMTJM* 
MAXIMUH« MEAN^ ANDjSTANbARD DEVIATION FOR EACH DATA SAMPLF*/ 
PR O CEDURE 0 PT lOiis. C MAIN > I 

-HB^F p^Apl) 1 DATUM* BCCODE CHAR C2>j X FIXED C4«2>>« SIJMX 

FIXED C8*8># SUM XSQ FIXED C12jA>*<XMAX#XMIN> FIXED 
(4«2>^ OLD CODE CHAR <3>#^_N FIXED <4># DATA FILE* 
_ SWlTCH_tABEL INITIAL CNEXT SAMPLE)! 

ON ENDFItE CDATA) BE61NJ 

SWITCH.- EMD.UPl^ 
GO-TO CALC WRITEI 

— ^^FILE (DATA) LIST <DATUf;)l ^ . 

NEXT SAMPLE! /MNITIALIZE AMD EXECItTE THE DO GROUP Bfi,OV FOP 
EACH NEW SAMPLE ♦/ 

bLi) CdbE ■ CQDEj /♦ CdDE«SAMPLE-CdDE PREFIX */ 

SUMX* SUM XSfit N -Ol L 

DO VHILr CCODE ■ OLD CODE) J /♦DQ.GROUP J^Ltt iTEHfiT-E.mTlL*/ 

N _» rN-t-ll /*A NEW SAMPLE IS ENCOUNTERED*/ 

SWX. g-SUMXlO^ - 

^g USOM^SQ p SUM xso»x»»gg| 

^^ ^Tf X < XMIN 

THEN XmIn - icO 
ELSE IF X > XMAX < 

THEN XMAX - X| 
GET ni.E CDATA) LIST CDATUM); 

P^^l END OF t)0 GROUP ♦/ 

/♦ SUBRTN. TO OBTAIN MEAN A StAND* DEV.* THEN PRINTl./ 

BEClgAR E MEAN FIXED t4#2)* ST DEV FIXED < 5*2)1 

~ tgALG wSffgr^ MEAN « SUMX/NI 

ST DEV « SORT ttSUM XS0-N*MEAN«<'2)/<N- 1) ) J 
PUT LIST C •COPE5 OLD CODEj ' SAMPLE SIZE! '-N* 

• MAXI ««XMAX«' MINI •# XMIN** ST- DEVI ATlONt 
ST DEV ' MEANI ■« MEAN) SKIP (2); 

go TO- S WITCH! 

END UPi ^ff^LlST < •^P_OF_PATA ») SKIP <5)J 
mDt ^*mXi QT PROGRAM ♦/ 



PL/1 program showing key features. 



A FLOW CHART FOR LANGUAGE 
IDENTIFICATIOIVJ 



At this point you may d2 somewhat confused, espe- 
cially if this is your first experience with computer 
programming languages. You might be asking yourself 
questions like, how can I tell the difference between 
ALGOL and BASIC if they both use READ state- 
ments? Or, what if all the lines *n a program are num- 
bered? The program can be BASIC, but it also can be 
FORTRAN! 

To help summari^ie all the information you 
have read so far, try to fill out the flow chart on page 



194. The chart is a simple system for idehtifying^e 
four programmihg languages we have discussed. The 
ovals (CD) are meant to contain the name of one of 
the four languages: BASIC, FORTRAN, ALGOL, of 
PL/1 . Refer back to the keys for each language if you 
want to. Then check your answers with those shown 
on page 195. 



PRACTICE RECOGNIZING LANGUAGES 

Now practice your skill at recognizing languages by 
correctly labelling each of the following eight pro- 
grams. Use the flow chart on page 195 to help you. 
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SIMPLE FLOWCHART FOA IDEryfTIFYIKG ^ASICi FORTRAN. ALGOL AND PL /I PROGRAK/S 



(Start- hore) 




iC) 



(REM) 



(COr^ENT) 



(/'.:.'/) 



(ZZ) dU (ZZ) dZ) 



Language 
could still be _ 
BASIC-need more info. 





No punctuation marka (. . :) 
at ands-oLUjiaa; Mrorda - . 
FORMAT. DIMENSION. DO. 
CONTiNUH. used: names in 
processing statements can be 
up to-six characfers long 
Hike RESULT) 



C 



Sflmicolon or ccnuna may- occur 
at eftd_af-Dutput-inAtrtJCti6fU 
MKOcds^ FOR^ NEXT. DIM used: 
names in processing 
statements restricted to single 
letter or letter-followed by a 
digit Hike A. B3) 



(_Z) 
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SIMPLE FLOWCHART FOR IDENTIFYING BASIC. FORTRAN. ALGOL AND PL/1 PROGRAT^ 



(Start-here) 













No_putlctuaiion_marJ(si. . :) 
at ends of lines: words 
FORMAT, blMENSION. DO. 
CONTjNUE. used: names in 
processing statements jCBn be 
uptodix characters long 
(like RESULT) 




Semicolon or comma may occur 
at end of output mstruction: 

names in processing 
statemeriis restricted id single 
Jetter or jetter fpllowed by a 
digit (like A, B3) 



c 



FOBTHArJ 



1 



BAS/C ^ 



2UB 
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As is evident from the flow chart, there are actually 
very few items within the program which you should 
have to check before determining which language is 
being used: 

A Word of Caution: When you identify lan- 
guages of ijrbgrams outside of this book, it is 
possi^ble that the fldw chart will not enable you 
to identify a language immediately. Use it to 
help you conclude that a language 'llogks like 
FORTRAN/* or "appears to be AtGOL," but 
go back and check the keys before making any 
definite conclusions. There are many program- 
ming languages, and usually you can find com- 



mon elements between any two. If a lariguage 
looks like FORTRAN (but really isn't)^ chances 
are it can be translated into FORTRAN by a 
programmer without too much trouble; Keep in 
mind also that there are many different versions 
of the same lariguage; for exahiple, the BASIC 
used on a Hewlett-Packard computer is not 
exactly the same as the BASIC used on Cohtrbl. 
Data Corporation computers. So, everi if you 
are positive that a certain program is written in 
BASIC, let an experienced programmer look at 
it to determine what changes (if any) must be 
maide so the program will run on your com- 
puter system: 



(1) 



(Language) 



BEGIN 



COMMENT 
REAL 



INTEGER 
AtPUA 
LABEL 
FILE 



FORMAT 
FORMAT 

FORMAT 



OXYGEN (PERCENT OF OXTGEN IN POTASSIUM CHLORATES PHOiSRAM; 
hfASSE#MASSB#MASSA#MASSU#MA5SCL2#MASS0«EPCT«TPCTj>RRR0R« 
PCTERROHi 
Ibi 

SNUSN2«TN1#TN2J 

STARTS MNEJ 

CARDCKIND-READER#MAXRECSIZEA I4)# 



MASS OF MASS OF** 



FORMAT 
FORMAT 



FORMAT OUT 



LINECKIND-PRINTER#MAXRECSIZE-22) J 

Fl l CA(a5> »X5#i5#.3iX4ir6*^2>iI 

FO t (X32# "MASS OF CH*CO'JER _CH+COVER 

MASS OF EXPER THEOB'*>J 
Fd2(X24# "HUN EMPTY CR« ♦KCL03 ♦KCL03 KCL03 " 

" KCL02 OXYQKN X OF X OF 

"PERCE3^TAQE" 1_ * 
F00(X45#"PERCENT-OF_dxYGEN IN _ POTASSI UM_CHLORAiE"//> 1_ 
F03( "TEACHER STUDENT ID COVER BEFORE HT 

••AFTER Ht USED PRODUCED DRVN OFF OXYGEN 

••OXYGEN |RRdR__ _ ERROR" >i _ 

------------------------------ 



FORMAT OUT 



START! 



DONEt 



Fq5<2AS#Xl# 2A5#X2# I 5# 1 D iX4» K6# S)/ ) I 
WltEiLlNE#Fdd); WRITEILINE#P01>I 
VRlTE(LlNE#Fb2>l 
WRITE(LINE#F03>I 

WHlTE(LlNEiFO/ili 

READiCARD#Fl 1 i SN 1 # SN2# TNI * TM2* I D#MASSE* MASSB# MASSAl C DOVEI > 
MASSU_«?_MASSB - MASSE; 

MASSCL2 t- MASSA - MASSES 
MASSO I- MASSB - MASSAl 
EPCT t- rjASSO/MASSU*1001 

TPCT !■ '9il7J 

ERROR t« ABSCTPCT - EPCT>J 
PCTERROR t- EnR0R/TPCT*100l 
VRITE(LINE#F0 5# TN1#TN2# SNU SN2« ID«MAbSE«MASSB#MASSA^MASSU« 
MASSCL2* MASSO* EPCT# TPCT# ERROR* PCTERRORJ i 

00 TO START J 

£^D. 
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(2) ^ 



(Language) 



•THIS PROGRAM STOWS HOW A PIECE ^"'^^^ '^'^ ^^"^^1^^ 
•DEPRECIATES ACCORDING TO THREE COMMONUY USED PpRFXIATION' 
ut^-niLwi. * . ^j^g DIGITS* AND DOUBLE* 



•METHODS* STRAIGHT LINE, 
•bECLlNl>IG« • 
lORIGINAL CdSTN 

C 

•LIFE OF ITEM^i 

L 

SCRAP VALUE •; 

S 



•YEAR*# •STRAIGHTS "SUM OF'*'DOUBLE^ 
• •> • tlNE^# •DIGITS', •DECLINING^ 



60 PRINT 

70 PRINT 

80 PRINT 

9d_ PRINT 

120 PRINT 

130 INPUT 

lAO PRINT 

X50 INPUT 

160 PRINT 

I 70 I NPUT 

18b PRINT 

190 PRINT 

200 PRINT 

210 PRINT 

220 LET V-C-S 

230 LET Dl-y/L 

240 LET ys€€L+r)/2>*L 

250 LET Z-L 

260 FQR X-1 TO L 

270 LET D2-y*CZ/Y> 

280 LET Z-Z-1 

290 LET b3«2*C/L 

300 LET C-C-D3 

310 PRINT X* 

312 LET Q-Dl 

314 GOSUB 400 

316 LET Q«D2_ 

318 GOSUB 400 

320 LET Q«D3 

322 GOSUB 400 

325 PRINT 

330 NEXT X 

350 STQP 

400 LET_Q«INT_C 0*100)/ 100 

420 IF Q> 100 THEN 440 

430 PRINT • •! 

440 IF Q>10 THEN 460 

450 PRINT •-•1 

46D PRINT 'S^O 

490 RETURN 

999 END 
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(3) 



(4) 



(Language) 



C 

c 



c 
c 



20 



30 



40 



50 



C 
C 



60 



PAYROtt PROGRAM 

READ EMPtdYEES ID# HOURS IjORKED AVI) PAY RATES 

READ <5i^20> EWPID* HRS> RAtE# ORATE 

F0RMAT_C2F5*0f 2F5«2> 

IF <aiPID .EQ. 777?7*0) 60 TO 60 

IF CHRS iCTi 40i0> GO TO SO 

eOMPUTE WEiEKLY PAY 

PAY « RATE * HRS 

CONyEBT EMPbOYEES ID TO FIXED POIWT FOR PRINTOTIT 

I EMPID_« EMPI 0 _ 

PRINT EMPLOYEES IDAMD WAGES 

WRITE €6>46) lEMPID^ PAY 

FORMAT C t2HlEMH-0YEE ID# I5#7H PAY# F8«2) 
GO TO 10 

COMPUTE OVERTIME PAY 

A « ORATE *_ CHRS - 40*0) 

COMPUTE BASE PAY 

B m RATE ♦ UOmb 

COMPUTE TOTAL WAGES 

PAY « A + B 

GO TO 30 

STOP 

END 



(Language) 



•OWIONS" PROGRAM FROM NOi CAROLINA*/ 



»2l 



/♦THIS IS THE FIRST SEQUENT OF THE 
/♦EDUCi COMPUTING SERVICE*/ 
START! (SET LI ST C SACKS) J 

If sacks_<-«_them ooJm fimishi 

IF SACKS>5MM_ THEN PUT LIST : 

i 'YaU DO NOT HAVE THE RESOURCES TO PRODUCE', SACKS* 'SACKS') J 

. IF SACKs>5e2)yoyo then put list 

C'OF ONIONS. TRY PRODUCING A SMALLER QUANTITY. ')! 
IF SACKS>5MM THEN GO TO START J 

L06l«i|)**.68i*piSPIN**i. 3ii 
-UQ63« l«**i • I 34± .^1 23* 
UNHABV- 1£**.13*V£ALTK**2.4*( SACKS*.0«n ♦♦2. S6; 
fiUAND«SACKS*UNHAR91 

PRI C£«LaG 1 *X QUAND* • 1 ) * *- 2. 27 * . 0 1 i 
aUANM-EXP (LOGC 1/L063/L06i**. 324)/-> 1*7355 >i 
L062-- I . 27*L0 6 j ♦QUANM** • 33/- 1 • 6i 
QUANM^QUANM*il)Mi 

PQ STP-LO (32 ♦ ( QUAND* l^**-2.6*.01i 
PRO F-QUAND* (PRI CE-CO STP ) J 
TQREV»flUANp*PRlCEJ 
1F_PR0F>-0*^THEN GO TO OUTPUTi 
PUT LIST < •UNFORTUNATELY* EVE 
PUT LIST C 'ONIOWS* YOUR FIXED 
PUT LIST ('TO SUFFER A tOSSi 
: GO TO STARTt - _ 



U GH_ YOU SOLD • > Or.rflMD> • SAC KS OF'); 
3 WERE HIGH ENOUGH TO CAUSE YOUMJ 
AGAIN* BUT TRY TO PRODUCE MORE. 
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(5) 



(Language) 



COMMENT 

REAL 

INTEGER 

ADPHA 

LABEL 

FILE 

FILE 

FORMAT 
FORMAT 
FORMAT 
FORMAT 

FORMAT 



FORMAT 



FORMAT 



START X 



DONEt 



G A S 1 



BEGIN 

GASl (VOLUME OCCUPIED BY A MOLE OF GAS> PROGRAM! 



v# \Ip nol esmg# c& cnv;# nol e s# erro r; 

IDI 

SN1# SN2#TNi#tN2i 

START* PONEi . 

CARD (klND-READER>MAXRECSlZE-li9i>; 

LINE < KIND-PRINTER* MAXRECSlEE-22); 

FI 1 (4(A5>>X5# T5#2CF10* 5) ); 
FOl (X60#"GAS j'V)i _ - 

FP2 <X46#"a01-UME OCCUPIED BY A MOLE OF GAS"/>; 
F03 (X33> "RWiXe* "WEI GHT"* X9# ••VOLlME", X9# ••MOLES"* XI 0# 
•^•CALC. •'# X25# "PERCENT") ;_ _ _ _ _ 

Fd4 <X7*"TEACHER"*X8*"STUDEMT^^>X4>"ID">X9>^'MG^^#X12* 

••GAS"> X 1 3> "MG^'> t 3m "MV* X 1 2> "MOLS^^> X 1 1 > "ERRORS' ) ; 
Fd5 <X5*"---------------- — 



r06 <2(X5_#2A5>#X2# I 5#X3# 4< Fl 0. 5# X5) # El 2« 5#X5#Fft.2/); 

VRITE <LINE7~-F01->I - 

WHITE <LINE> F02); 
WRITE CLINE* F03>; 
WRITE <LINE# Fb4)l 
WRITE. CL1NE*^_F05>; _ 

READ CCARD#FT1>SNI# SN2# TN 1# TN2# I D# W# V> [DONeJ J 



MOLESMG l» W/24.33 
CfiLCMV j« V/MOLESMGI 

MOLES i- MPLESMG*6«02e_+23; 

ERROR Jl- _ (22.4-CALCMV)'^t6o/22.4; 

WRITE CLINE#F06#TN1#TN2#SN1#SN2#ID#W#\;#M0LESMG#CALCMV# 
MOLES# ERROR); 
GO TO STARTl 



END. 
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(Language) 









THE SUM OF tW NUMBERS 




READ €S»3> I» <Jr 




3 FORMAT C2I11> 


€ 


LIST THE INPUT 




wm IS* ^ s w J %j 




so FORMAT UX» 6H{NPtrr « 211 1> 


C 


FIND AND OUTPUT THE SUM 




K-I+d 




WRITE €3*16} K 




16 FORMAT CiX»ni> 




STOP 




END 



(Language) 



10 REM a OVERTONE SERIES GENERATOR 

20 PRINT "HOW MANY OVERTONES DO YOU WANT"* 
30 INPUT T 

40 PRINT "WHAT IS THE FONDAMEJaTAL FREQUENCY"; 
50 INPUT F 
60 PRINT 

70 PRINT "OVERTONE"* "FREQUENCY"* "RATIO" 

SO FOR I"i TO T 

90 LET H«F*I 

100 LET R«I 

110 IF R<-2 THEN 140 

120 LET R -R/2 

130 60 to 110 

140 PRINT l#H*R 

150 NEXT I 

160 PRINT 

170 QfD 
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(8) 



(Language) 



<:71A3t PROCEDURE OPTIONS ^NAINOI 
DECLARE 1 CARDm# _ \ 

2 CODE CHARACTER Cl># 
2 ITEM_CHARACtER (8)# 
2 QTY PICTURE *ttt9* 
___ ^ _ 8_BEST_CHARACtER_C67>; ^ 
/♦ DECtARAT10N_FOH_STOCK_ritE AMD STOCK RECORD ♦/ 

XlWCtUDE F7ISFiF7lSHJ _ _ 

DECLARE toss FIXED DECIMAL (10.2)} 
DECLARE PAGE WO FIXED DEHIMAL INITIAL tO>J 
/♦ HEAbINQ AND PAGE CONTRDL ♦/ _ _ _ ' 

OPEN FIJLE CEXCF) PRINT PAGESiZE (50); 
ON EMDPAGE CEXCP? BEGINI 

EAGE_NO_" PAGE NQ ♦.IJ __ 

PUT FILE (EXCP) PAGE LlNE-i3J 
EDIT C »PA6E»^PAGE W0» 'EXCEPTIONAL ADJUSTMENTS') 
(X( iO)# A(4)#FC5)#XC20)# AC25))i 
PUT FILE (EXCP) LINE (6J 
EDIT ('Item NO •DESCRIPTION** 'VALUE'* 'TYPiE') 

(COLC ld)#A( lb)#C0LC25)#A( 1 COL C 5A)# 2 AC 10) ); 

ENDJ - 

/* PRINT HEADINGS FOR FIRST PAGE ♦/ 

SIGNAL ENDPA6E (EXCP>i 
/♦ SET UP ERROR CONTROL ♦/ 

ON ERnOR BEGIN! 
/♦ TEST_roR_KEY_OR_CONyERSlON ERTOR OR 

IF ONCO DE>49 SONCO DE< 58 1 ONCO DE> 599S0NC0 DE< 630 IONCODE-9 
THEN 00 1 

VRITE FILE (ERRORS) FROM (CARDIN)J 
GO TO READCARb; 
-ENDJ 

/♦ IF NOT kEY_OB_CONVEBSldN_EBRQB THEN DISPLAY INPUT AND END JOB*/ 
DISPLAY (CODEtllTEMltOTYHONCODE)l 
ENDJ 

/♦ SET UP NORMAL TERMlNATiON CONTROL*/ 

ON ENbFILE_(lNFlLE) GO TO FiNiSi 
/♦ MAIM UPDATING LOOP ♦/__ 
READCARDt READ INTQ CCARDIN) _ FILE (INFILE); 

BEAD. FILE (STOCK> INTO CSTREC) KEY (ITEM) J 
_IF_CODe - 'A* THEN 
/♦ ADJUSTMENTS TO StOCK LEVEL ♦/ 
DOJ 

LOSS - (SQTY-fiTY) * SPR1CE1_ 
IF L0SS>1000 THEN CALL XCEPT CLOSS#*S'); 
SQTY -_OTYJ_ 

REWRITE FILE (STOCK) FROM (STREC) KEY (ITEM); 
GO TO READCARb; 

end; 

THEN SIGNAL ERRORJ 

DELETIONS */ _ _ 

LOSS - SQTY ♦ SPBICEJ 

IF LOSS>_J000_THEN CALL XCEPT (LOSS>*0*); 
DELETE_FILE (STOCK) KEY (ITEM); 
OO-TO-READCARDJ 
XCEPTt PROCEDURE ,(L#TYPE)J__ 

DECLARE L FIXED DECIMAL CI 0> 2), ^ 

TYPE_CHARACTER (I); 

PUT FILE (EXCP> SKIP 

EDIT (ITEM#SDESC#L#TYPE) 

- CCOLC 10)#A(8)#CdL(25)#A(25)#F( 12#2)#X(3)#A( 1 )) ; 

END XCEPTJ 

/* NORMAL TERMINATION */ 
FlNlSt_ PUT FILE (EXCP) SKIP (2) LISTCEND OF t»B'); 

ENa _C71A3i , - _ 



/* 



/* ILLEGAL CODE */ 



5 
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APPENDIX I 



Answers 

(1} ALGOL 

(2) BASIC 

(3) FORTRAN 

(4) . PL/J 



(5) ALGOL 

(5) F^ORTRAN 

(7) BASIC 

(8) PL/1 
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APPENDIX II. Some Primary Sources of Cbmputer*Based 
Instructional Units ^ 



SOME PRIMARY SOURCES OF COMPUTER- 
BASED INSTRUCTIONAL UNITS 

1. Dartmouth Secondary School Project 
Kiewit Computation Center " 
Dartmouth College _ , 
Hanover, New Hampshire 03755 

2. Corriputirig and Mathematics Curriculum Project 
^ Un i ve r si ty b ? Den ve r 

Denver Park, Colorado 802 1 0 

3. Computer CUrficUlum Project 
Hewlett-Packard Company 
333 Logue.Avenue 

Mountain View, California 94040 
(Includes Project Soip material) 

4. bymax 

People's Computer ComTpj^ny 
P:O^Box310 

Menlo Park, California 94025 

5. Computer Technology Program, 
Northwest Regional Educational Laboratory 

, 71dS.W. Secc^ Avenue 
Portland, Oregoil97204 

6. Digital Equipment Corporation 
146 Main Street \ : 
Maynard, Massachusetts 01754 
(Includes Huntinj^ton t and U simulations) 

7. Project Solo 
University of Pittsburgh 
Pittsburgh, Pennsylvania 15213 

8. Educational Technology Publications 
140 Sylvan Ave^ _ _ _i _ _ _ 
En^lewood Cliffs, New Jersey 07632 

?. TIES 

1925 West County Road B2 
Rbseville, Minnesota 55113 
10. MECC 

2520 Broadway Drive 
Lauderdale, Minnesota 551 13 



i i : Data Processing Curriculum Group 
Science Research Associates, Inc: 
259 East Erie Street 
Chicago, Illinois 6061 1 

1 2. North Carolina Educational Computing Service 
Research Triangle Park, North Carolina 27709 

13. Tecnica/REACT 

Tecnica Education Corporation ^ 
1864 South State Street 
Salt Lake City^ Utah 841 15 

14. Data General Corporation 
Southboro._Massachusetts 01772 

15. Education Center 

Honeywell Information Systems, Inc. 
1 1 0 Cedar Street 

Wellesley Hills, Massachusetts 02181 
^6 Computer Curriculum Corporation 
1032 Elwell Court 
Suite 106 
. Palo Alto, California 94303 

17. Coast Community College District 
Office of Educational Development 
i37d Adams Avenue 

Costa Mesa, Cahfornia 92626 

18. Florida State University 
Computer-Assisted Instruction Center 
Tully Building 

Tallahassee, Florida 32306 



In addition, see: 



Index to Cdmputer Based Learns 1976 Edition 
Anasta^ia C. Wang, Editor 
The Instructional Media Laboratory 
The University of Wisconsin-Milwaukee 
P.O. Box 413. 

Milwaukee, Wisconsin 5320 1 
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INDEX 



Acpasticaiiy handicapped ^cornpater-assisted 
instruction for the, 121-124 . . 

Agriculture,, vbcatlbhai. cbrhputers in, 183-166 

Ahl, bavid, 143 

artMeijy, 133-139 

Aide, teacher's, compater as, 65-72, 109^166 

Alexander, Murray^ 173 - 

ALGOL, 19^188, 191-192, 193, 194-196 

AMAZIN, 69. 71 

American J nstitutes for-Research, 32 1 09 

Analysis, data, see Data analysis 

Analyzing Crime unitr43 

ANIMAL, 1^, 138, 139 

APL, 1SL 188 

Art_ educailpn j computers in, 11 2-1 1 5 

Author languages, la. 19-21, 126 

Automobile and Air Poilotion ^nit, 47^ 52 

Auxiliary storage devices, 2, 3, 4, 5, 7, 
14, 29. 30 



B 



Balance of Tcade and Balance of Payments 

unit. 82, 63. 64 
vBAtPJ^AY, lQO.^101-102 

BANK. 51, 96, a7 - _ _ - - _ - 

BASIC, 16. 18. 21, 22-29, 47. 117. 128, 129, 143 

173y lEK), 1M^^ 

Batch processing mode (communication), 5, 6-7 

advantages, 8 * _ 

comparison vyith interactive mode, 7-9 

disadvantages, 8 

program characterist[cs, 7 
Borry^ Linda, article bVx 1 52-1 56 
Brig ham_ You ng _U nlvBrslty, 21 
Brown. Dean. 121. 1^2, 127 
Business education curriculum, computers In 

the, lie-ISO 
Business language. 18 
BUZZWORD, 134,- 136 



CALC,_20 

CalCQlator. computer as. 61-62 

Card reader, 16 - 

Career information System, 66, 67-68 
Cathode ray tube, se^^ Vidoo display terminal 
Central Processing Unit, see Computers 

CHARGE. 166, 168 

Cincinnati Instructional Management System. 72 
CiVIL, 96, 98 
COBOL, 18. 168 

Cpmrnents in prpgrarrij^ 23 . 

Communication wJth computers, see Computers, 

commonlcation with _ 

Computer-assisted instruction, 64, 121-124, 

170, 176 

(Computer Based Resource Unit, 66 , 

Computer Cucrlcuium Cprppratlon, 127 

Computer Generated Individualized Program 
Sets. 72 



Cbrnputer literacy courses. 63. 64, 130 
(Sbrnputer-mahaged Instruction, 89, 72, 

. 160.-161. 170 _ 
Compater Science cbutses, 64 
Computers, 5, 3, 4, 5, 7, 30 

object of Instruction, 63-65, 116-117 
comjnunicalUcm wj^^ _ 

batch: procesaing mode, 5, 6-7 
comparison of modes for, 7-9 
interactive mode, 5-6 
' cpnhectihg terminal 12 

figuring time a_n_d. cost of using, 100, 103 
instructlonaL uses of, 31-72, 109-186 
large, 13, 20, 21 

Ibadihg programs into, 15-16, 23-24 

size of, 12*14, 30 

sojtware system of, 3, 4, 14 

types ot, 12-14^ 

versatility of, 32 
Cbhtrbl Data Cbrpbratlbh, 21 
PPn*M jhstrUctibris, 25-27 
Conversational language, 19 
ebPjlotTl23 
CoQnselIng, 65 
Coupler, telephone, 12 
Coursewrlter, 20 ^ 
CPU, see Computers 
CRIMEX. 57. 91. 92 
CRT. see Video display terminal 



D 



Dartmouth Collie, ia 

Data analysis, cbmputers and, 39, 41-44, 45. 

80-81^114, 119, 133^ 134, 136, 143, 149. 

154-155. 158-159. 165-166. 173. 178. 180-181. 

tB4-JB5_ 

Data processing courses. 63-65. : __ 

Deaf;^ instruction for the. computers and. 121-125 
DECAL, 21 
DEC/.Y2. 59. 173 

Pittlcuity ievei.JnstructionaV^ 80 
bigital_EqQipment Corporation. 21. 56. 82. 84, 90, 96. 

173. 174. 176 
Disk drive, 2, 14: 
DONE. 25 

Drill programs, 34-36 

art eiJucation _and^1_13_ __ __ 

bxjsiness education aad,. 117-118 

elementary school and, 126-126 

hearing Jiahdicapped and, 122 

[anflMMo arts arid, 1 33, 134 

mathernatjcs and^ 141. 147 

masic and.^ 152-153 

physical educatlort and. 457- 

scierice arid, 162-163, 170-171 

social studies and, 176-177. 160 
DRIVE, 119 



Educatibrial Systems Research Project, 161 
ELECT. 56, 177 

Elementary school, computers in the. 126-132. 
142-143 



217 

ERIC 



End tnstructlonu 23 

•^nrtlMi loop." 26 

English currrculum, computerii In the, 133-139 
Errors, typing, 30 

Evaluation pt computer-bacad Instructional 
malterlals, 74-105 



F 



FAeTRl_45-_46,_48,49 _ : 

FORTRAN. 17-18. 19, ISe. 700, 191, 193. 194-196 
FRADEC. 52 

Friedland, James, article by, 162-169 



G 

Games, cbrhputers and, 41, 47, 55-6Q, 114. 119, 
130. 133, 134, 136-138, 139, 143, 150, 160, 

__ ^3-174, 181,185 

Generai-pairpose languages, 500 Languages 
General Turtla, Inc., 21 
GENET. 55, 60 

Q|ehh, Allen D., article by. 176-182 

Guidance, 65 _____ 

Guidance Information System, 65-66 

H 

HANQIT,119 

Hard of hearing, Jnstructlon for the. computers 

ahd^ 121-125 
Hardware, 2-3 

defined^ 2 __ 

essentials of. 1-30 

main pieces of. 2 

selection of Instrlictlbhal units and, 77-79 

HARDY, 163, 164 

H azejtlne Compani 2 1 

Hearing handicapped. Instruction for the, computers 

and.^ 121-125 — - - — 

Hewlett-Packard, 20, 37, 43, 53. 117, 119. 122, 

127, 161. 173. 174 
Hide-and-seek ganries, 47, 54 
HolznageJ, Donald, article by, 126-132 
HUMRRO, 76 - _ _ _ 

Huntington Two Computer Project. 42. 46 
Hypothesis-testing exercises* 43 



.1 

IBM, 19^20 

IDF. 500 Ihteracilve Dialogue Facility 
|F-TH£N cbnt/pL Instructions, 26-27 

Illinois, University of^21, 128 

/i7^0x to Comput&r Based LBBmIng, 76, 203 
Inrormatlbh 

retrieval of, 65-^, 160 

storage of. 65-66 

Input. 22 

Input instruction. 22. 24, 27 . _ 
Input/butput devices, 2. 3, 4. 7, 30 

art curriculum arid, 112-113 

baitj:h lmpde._9-1d 

connecting lo_ computers, 1 2 

interactive mode, 10-12 

INQUIR. 43 • 



Instructidh 

compater-asslstedi 64,_121-t24« 170; 176 
computer-managed, 69, 7-2. 160-161, 170 
object bf^ computers as, 63-65, 116-117 

instructional experience, com p^^ 76-77 

Instructional units, computer-biuted 
difflcalty level, 80 

enhancement ot instrsction with, 90 
evi&iuatibn of, 74-105 
hardware and, 77-79 
langu age and , 79^ 1 88-202 
model appropriateness, 80-87 
objectives, 79 

bptjbhs for classroom use, 100 

selection of, 74-105 

sources of, 76, 203 

strategy^ 79r80 - 

"student-proof tiesign of. 90-93 

support rnaterlals, 67 

time arid cost of using. 100. 103 

M8or-pHenjat!pn bf^ 93-99 

varlablejL controllable by user. 100 

variety of, 76 
Instructions - - 

cphtrbl. 25-27 

end, 23 _ 

inpyt, 22, 24^ r7 

output. 23,_27 

prdcess, 23 
Ihstructbr, computer as. 34-39 , - 
Ihstructbr's aide, computer as, 65-72. 109-186 
interactive DlaLo!gue_Faclllty_(ibF). 20-21 
Interactive Tnode (communication), 5-6 

advantages, 8 _ 

com par isoh with batch processing mode, 7-9 

disadvantages. 8 . 

Ihput/butput de^^^ 

program characteristics, 7 



J 

John Abbott College (buebec), 71 



K 

Keepes. Bryceb., article by_. 121-125 
klassen, Daniel Jb. article by, 109-111 
Kline, Morris. 146, 147, 148 
Kbetke, Wjalter, article by. 140-144 



L 

LABASTA, 44, 45 

Labbratbry. cbmpiiter as, 39-60 

Langu age arts, computers In the. 133-139 

Languages _ 

author. 18, J 9-21, 128 

bUsineM. 16^ , 

cbnversatlbhaP, 18 

gonoriai-PMrpdae,' 18-19 

_ recbgnlzln^ ^ 79, 188-202 

machine, 16, 17 

programming. 16-21 

scleritlflc. 19 ^ 
Lljaht pens, 11, 113 
Line numbers, 23 
Line printer, 10, 113 



Uok\ FronciB R.^.ISQ _ 
tlsUngs. prograni, 1 5,-17. 2d 
LOGO. 19. 21. 128. 129. 188 
Luehrmann. Arthur. 140 



M 

MADLJB. 134.138^137 
Magnetic tape drive. 14 
MARKET. 181 

MASPAR. 181 

Material-generation programs. 66. 69^ 
Mathematics. j:bmputer8 and. 47. 127. 140-151 
McQrath. Joseph U.. article by. 179-182 
McLuhan,_Ma_r8haji. 180 
Microcomputers.^ J 3,^ 14._20^_64.^ JD9 
Minicomputers. 13. 14,-20.21.-109 
Minnesota Cbuhcll on Quality Education. 127 
Minnesota Eduj:atlonaJ Cdrhputlnjj 

Consortium. 38. 39. 40. 51. 65. 70. 71 

95,j96. 98 __ 

MiTRE Corporation. 21 
Muscat Eugene, article by. 11&-120 
M^slc education, computers In. 152-156 
Music generators. 21 



N 

S^tibnaiScjence Fbundatibn..2i . 1 28 

Newman, James. 148 

Northwest Regional Educational taboratory, 57 

d 



Objectof instruction, computers as. 63-65 

116-117 

Oregon Career Information System. 68. 67-68 

Output. 22. 23 

Output Instruction, 23. 27 



p 

PapertLSeyrm)u^J4lj i_42 
Paulson. Jerry, article Jby. 183-186 
Beckham, Herbert D.. article by. 170-175 
Pens, light, 11^ 113 __ 
Physical education, computers in. 157-181 
Physical Mulpment. see Hardware 
Piaaet, Jean^ 145 
PItOX, 20. 128, 129 

PI-ATO. 21. 128 

PL/1. 19. 188. 192-195 
PLAI^It. 20 
Plotters^ 21. 113 

POET. 137 . 

Poetry, writing, by computer. 137-138 
POLICY. 181 

POLUT. 84-88. 91. 166. 167, 174. 177 

Practice program s,_34-36 

art education _and,_l J 3_ 

business education and, 117-116 
elemahtary schools and. 126-128 
hearing hahdlcapped and. 122 
langMage aHts and. 133. 134 
mathematics and. 141 _ 



muflid and._l 52-1 53 

science and. 162-l63-_ 

social studies and. 180 - 

vbcatlbhal agriculture and. 164 
Printers 

linilO. 113 

_ thermal. _1V 

Printout. 25. 26. 27 ; - 

"dressed up." 27. 28 
ProbLem-solyIhg. computers and. 39. 41. 44-55, 

61. 81-82.^114, 118-119, 126, 128-129. 

142-143, 147-148, 153-154, 157-158, 183, 
- 165. -171*173, 177-178. 180. 184 
Process. 22. 23. 24 
Process Ihstructlbhs. 23. 27 

Program JstingSi J 5x17^ 29 

Programming languages, see Languages 
Programs 

calcutatbr, 61-82 

comments In. 23 ' 

cbpjes_of, 29*30 

datajnfllysls,J9._4l-44,_45, 80-8i._li4, 

119, 133. 134. 13?. 443. 449. 154.155. 

156-159. 185-188, 173. 176, 180-181, 

184-185 _ . 

drill and practice^ 34-36. 113. 117-118., 
. 122, 126-128. 133. 134. 141 ._i47,_ 152-153. 

157. 182.163, 170-171, 176-177, 180. 184 
elements of. 22-29 
I^Mnptlbn bf. 22 
!7L||ejLaf8-geheratibn. 66. 69 

oiMinai^ 29-3(1 _ _ 

probiem^sotylng. 39. 4U 44-55. 81-82. 114, 

118-119. 128-129. 142-143, 147-149, 

153-154. 157-158^ 163, 185, 171-173, 

177-178, 180. 184 
p_ur^se_Qf. 22 
storage of. 29 

stored. 4 ^ 

siudeht-probf. 90-93 
test geheratbr. 69 
tran8Latbr,^4. 17-18 

tutbrlal._36-39. 40^ 113^ 118^ 1221-123,: 128. 
134. 135. 142. 147, 153. 157. 163. 171. 
176-177. 180. 184 - 
typing errors and. 30 
user's. S. 4j_ i4-i_6 
_ Aee afso Soitware 

Project HEAeTH^J49 

Project REFLECT, 127, 128 
Project SOLO. 37. 53. 93 o 
PSYFC. 91 



Quality. Judging. 74 



R 

Reader 

ca/b. 16 

tape._16, 24_ 

"Fteadrheads," 14 

REM, 23.24 

Remarks In program. 23 

Retrieval. Information, 65-66, 160 

RUN. 24 
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Science carricuiQm, compoters in, 162**175 

Scientific ianguages, 10 

Screen, video display, 1 V12, 113 

Selection com pui^^^^ Instructional units, 

5©6L Inslryctlonaj units _ 

Sessions, Peter tynn, article by, 11Z-115_ __ 
Slmulatldns, computers and, 41^ 55^60, 81, 114; 

119, 129-130, 143, 150, 155, 156, 160. 166, 

J 74, 177, 181, 185 

Social studies, computers In, 176-182 
Social studies Qnit_a2 
Software, 3-4, 76. 77 

defined^ 2 

essentials of, 1-30 

sPjaclaL 21 _ 

types of, 3, 14 

user's, see User's programs 

See a/sb P r 6g r am 8 
SPAWAR^ 93-95 
SSINS,_98. 99 
STAT, 173 

Statistical Analysis Package (SAP), i49 
STOCK, 119 

Storage, Infqrmatlbh, 65-66 
Suppes. Patrick, 121. 122, 127 

Support materials, 87 _ 

Survey Analysis Package-(SAP^, 42 
Sydbw. Jim, article by, 157-161 



Total Infbrmatrori for Educatlbnal System (TIES), 

m 

Translator progrjims, 4, 17-18 

Translators, 16-18 - 

Tutorjal programs, 36-39, 40 

art*educatlon arid, 113 

busLnless education and, 118 

elementary school. 128 _ _ 

hearing handlcapped-and,- 122-1 23 

language arts and, 134, 135 

maihematrcs an 142, 147 

mjjslc.andj 153 

physical ediicAtlon and. 157 

science and, 163, 171_ 

sbcial studies and, 176-177, 180 

vocational agriculture and, 184 
Turtle^ 21^ 113 
Typing errors, 30 



u 



Urban crime unit, 82, 91, 100 
User's proijrams, 3, 4, 14-16 

loading into computer, 15-16, 23-24 

aoiircBS of, 15 

USPOP. 177. 178 



Tape reader. 16. 24 

Teacher;8 aide. cbmpUter as. 65-72. 109-186 

teachers, computers as. 34-39 

Tecnica Eduoatlon_Corp.. 58. 59. 60. 91. 100. 178 

Teletypewriter. 2. 10-11. 12« 23. 113 

Terrtiihais. see Input/output devices 

Test gerieratbr prbgramiB. 69 

thermal printer. 11 

TICCIT._21 

Time Share Cor poratlon^ 65 
Time-shjaring systems. 12. 13-14. 20. 21. 30. 
110. 120. 161 



Video display terminal. 10. 11. 113 

-Vocatlbnal agriculture, computers in. 183-186 



w 

WEATKR. 95. 96_ _ _ 

Williamson, ilizabetti A., article by. 145-151 
Willlartisdn. John. 149 
Wirig.^ Richard L.. 129 
Wirtz. Robert. 147 

Working storage. 2. 4. 5. 13. 14. 29. 30 
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